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ABSTRACT

This paper presents a list of more than 200 references on topics
associated with offstation releases of hatchery stocks of anadromous fish used
to supplement or reestablish wild rearing. The narrative briefly reviews
influences of genetics, rearing density of fish in the natural evironment,
survival rates observed from outplanted stocks, and estimation procedures for
stocking rates and rearing densities. We have attempted to summarize
guidelines and recommendations for fishery managers to consider.

Contract obligations require that we offer specific information related
to spring chinook salmon in the Willamette River. Based on tagging studies, a
typical smolt release from a Willamette River hatchery would return 0.29% of
the smolts to the stream of release as adults. Catch to escapement ratios for
adult Willamette chinook vary widely between broods, but on average two fish
are caught for each fish that escapes. The catch is about evenly divided
between offshore and freshwater harvest. British Columbia is the primary
location of offshore harvest, and the lower Willamette River is the primary
location of freshwater harvest.

Review of departmental policy indicates that only Willamette stock spring
chinook are currently acceptable for use in a proposed outplant study within
the Willamette basin. Further, most Oregon Department of Fish and Wildlife
district management biologists would prefer not to transfer any stocks of
spring chinook between drainage subbasins.

State fishery managers identified 16 Willamette basin streams as being
suitable for supplementation with spring chinook from hatcheries. We reviewed
the potential for rearing salmon in reservoirs throughout the basin.

Use of the Carmen-Smith spawning channel, which was constructed on the
upper McKenzie River in 1960, has generally declined with the decline in
populations of chinook salmon in this river. The Carmen-Smith channel still
provides a spawning place for those relatively few adult chinook that still
return each year, but more fishery benefits may result from other uses of this
facility.
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INTRODUCTION

In a recent study of outplanting salmon from hatcheries, Tom Nickelson
and Mario Solazzi (DDFW, in process) observed the effects of releasing
presmolts of early-spawning coho into coastal streams where populations of
wild late-spawning coho are low. Evaluation of results showed that the
stocked streams reared more total juveniles, but that wild juveniles were
displaced by hatchery fish. Further, when adults that originated from
hatchery outplants returned to spawn, recruitment was markedly reduced. The
investigators concluded that outplanting of coho presmolts from hatcheries,
once a major thrust of Oregon's STEP program,lacked biological benefit.

A review of the literature on supplementation reveals that much depends
on the expectations and circumstances surrounding an outplant program. With
coastal coho, protection of the residual populations of wild coho was a major
concern. Would the conclusions have been as negative if the test streams had
been depleted of salmon? Would the conclusions have changed if locally-
adapted, late-spawning stocks of coho presmolts had been used in the study?
And what would have been the conclusion if the study results had been
expressed in terms of increases in rearing density of juvenile fish?

In this paper we have listed as many written references to "outplant"
situations as we could collect, we have synthesized some of the most pertinent
written observations into rough guidelines and recommendations, and we have
answered some specific questions about spring chinook in the Willamette
Basin. Finally, we propose an outplant study using appropriate stocks of
Willamette spring chinook released into stream areas that contain few residual
wild chinook, and we propose using changes in the number of adults that return
as the measure of success.

Our conclusion is that salmon management of the future will involve
frequent attempts to integrate hatchery stocks into dwindling wild
populations. If the references and comments we have listed help
to make better-informed decisions, then this exercise will have been
worthwhile.

-3-



DESCRIPTION OF STUDY AREA, MATERIALS,  AND METHODS

This literature review was conducted by personnel in the Research and
Development Section of the Oregon Department of Fish and Wildlife (ODFW)
stationed at Corvallis, Oregon. The respective libraries of ODFW and of
Oregon State University were the primary sources of literature and
references. Reviewers contacted biologists working in the Pacific Northwest
to obtain unpublished data and opinions related to the subject of
outplanting.



RESULTS AND DISCUSSION

The first objective (Objective 1.1) of this study was to provide a report
that summarized results of previous outplant efforts and related data as
requested by Bonneville-Power Administration (BPA) and the Northwest Power
Planning Council (NPPC). The second objective (Objective 1.2) was to identify
methodology and requirements for evaluation of test results.

We present a review of information available on the supplementation of
wild stocks with excess hatchery fish to take advantage of underused
freshwater habitat. The purpose of this review is to provide information
pertinent to the development of a detailed study plan designed to determine
the most effective method of supplementing wild Willamette River spring
chinook salmon with outplanted hatchery-produced fish.

We define outplanting as releasing fish from hatcheries at locations away
from the hatchery to increase natural production in streams determined to be
seeded or used at less than "optimal levels". Few studies specifically
evaluating the success or impact of outplanting have been conducted. We also
present a "Supplementation Literature" section (Appendix B) that includes
additional references and unpublished data supplied from various state and
federal sources.

We summarize available literature on outplanting of hatchery stocks and
pertinent information on factors that influence success of an outplant
program--density, survival, genetics, competition, and predictor models for
assessing carrying capacity of a stream area. Several predictor models and
methods used for estimating rearing capacity and stocking rates are reviewed.
We also made recommendations based on this literature review.

Density: A major factor influencing the success of an outplant program
is the density at which the fish are stocked. Ideally, an "optimum" level of
stocking would have minimum impact on wild juvenile salmonids residing in
the stream and would provide a maximum number of smolts from the stream
system. Determining an optimum level of stocking requires an evaluation of
the magnitude and quality of habitat available for rearing juvenile
salmonids. In streams with natural production, it is possible to proceed with
available predictive models or non-deterministic methods to assess the desired
smolt yield, or density of fish, for a given stream system. After the desired
density of fish is determined, it is possible to apply estimates of survival
rates for all life history stages to calculate a desired level of "stocking
rate". Therefore, in addition to information on the habitat of the stream
system considered for outplanting, a fisheries manager requires information on
survival rates and densities of those species for which the stream is to be
managed.
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Food and space are thought to be the most important factors influencing
fish density in streams (Larkin 1956). Space requirements of juvenile
salmonids in streams vary with species, age, and time of year and are related
to the overall productivity (food abundance) of the stream (Chapman 1966).
Physical factors that control densities of salmonids include discharge, stream
morphology (pools, riffles, glides), riparian and instream cover, and type of
substrate (Giger 1973; Reiser and Bjornn 1979). Other factors that
influence density of allopatric and sympatric populations of salmonids and
that change with developmental stage are habitat preferences, social
interaction, and predator-caused mortality (Hartman 1965; Lister and Genoe
1970; Everest and Chapman 1972; Stein et al. 1972).

Table 1 shows a range of densities at varying life history stages for
chinook and coho salmon, and steelhead in several river basins. Most
subyearling chinook are found at densities below 0.3, fish/sq m (Figure 1).
Subyearling steelhead are found at 0.01 to 0.7 fish/sq m with no consistent
trend between river systems, whereas most yearling and older steelhead were
found below 0.2 fish/sq m. Subyearling and yearling coho were mainly found at
densities below 0.4 fish/sq m. The spread in densities observed results
partly from differences in natural or artificial stocking densities, size of
stream, and habitat quality. These findings are consistent with data
on densities of salmonids in streams assembled by Allen (1969b) who found a
positive correlation between area per fish and age and length. He concluded
that densities of 10 cm salmonids averaged around 0.17 fish/sq m (1.7 g/sq
m). Densities of age 0 trout and salmon at the end of their first summer
(70 to 120 mm) average around 0.2 fish/sq m, whereas yearlings and older fish
average 0.06 to 0.5 fish/sq m.

Survival: In general, survival is dependent upon the level of
productivity and rearing capacity of the stream system. For a given capacity
of stream to rear juvenile salmonids, factors that may influence survival of
outplanted fish introduced into a system include competition with wild fish
and outplanted cohorts, predation level, incubation and rearing environment
prior to release, genetics (origin of stock), and age or size at release. For
those species or stocks that over-winter and migrate as yearlings, additional
factors that influence survival are magnitude of winter freshets and
suitability of habitat to hold over-wintering fish (Mason 1976b).

Several investigators have estimated survival from egg to subsequent life
history stages based on potential egg deposition determined from measured or
estimated spawning escapement figures and average fecundity data (Table 2).
Estimates of fry survival have been limited to evaluations of fry plants where
number of fry released is known because it is difficult to obtain estimates of
both natural fry production and outmigrant smolts within a system.

Bjornn (1978) evaluated natural production of spring chinook in the Lemhi
River, Idaho, and over an 8-year period found that survival from egg to
migrant smolt averaged 9.8% (range 4.0% to 15.9%). He considered the level of
spawning escapements to the upper Lemhi River low during the study years, thus
underseeding may have resulted in maximum survival rates for juvenile chinook
in that system.
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Figure 1. Reported densities of juvenile anadromous fish
in streams (Table 1 and Allen, 1969).
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In the Deschutes River, Oregon, Jonasson and Lindsay (1983) found an
average egg-to-migrant survival rate of 3.5 percent (range 2.3% to 5.5%)
spring chinook smolts. These were primarily yearling spring migrants but also
included fall (age 0) migrants. An egg-to-migrant survival rate of 5.2%
(range 3.6% to 6.7%) was found for spring chinook in the John Day River,
Oregon, (Lindsay et al. 1981). These percentages were based on yearling
spring migrants only. A somewhat higher survival estimate of egg to migrant
smolt was made by Major and Mighell (1969) who reported egg-to-migrant
survival rates averaging 10.9% (range 5.4% to 16.4%) for spring chinook in the
Yakima River, Washington.

Burck (1974) found an average 9.5% survival (range 6.4% to 13.8%) from
egg-to-fall-migrant spring chinook out of Lookingglass Creek, a tributary of
the Grande Ronde River, Oregon. These fish migrated to the ocean in the
spring as yearlings, therefore additional mortality may have occurred to
subyearling fish that have over-wintered downstream in the Grande Ronde or
Snake rivers. Survival to a presmolt migrant stage was also estimated by
Lister and Walker (1966) who evaluated streamflow control on natural
production of fall chinook in the Big Qualicum River, British Columbia.
Survival from egg to a June (age 0) migrant averaged 3.4% (range 0.1% to
7.9%).

Additional information on presmolt survival comes from evaluations of
naturally produced juvenile steelhead (Table 2). Steelhead survival rate
estimates from potential egg deposition to migrant smolt averaged 0.01% in the
North Umpqua River, Oregon (personal communication during June 1985 with Alan
McGie, Oregon Department of Fish and Wildlife, Research and Development
Section, Corvallis, Oregon), 0.56% to 1.71% in Snow Creek, Washington
(Washington Department of Fisheries, unpublished data), and 0.32% to 0.64% in
the Keogh river, British Columbia (British Columbia Ministry of Environment,
Fisheries Branch, unpublished data).

The preceeding estimates of survival from eggs to fingerlings or to
smolts are particularly useful when assessing the value of hauling mature
adults to stream reaches considered underseeded, suitable for spawning, and
capable of supporting increased numbers of juvenile salmonids. Assessing the
potential of other supplementation techniques such as streamside incubators,
egg plants (e.g., Vibert boxes), and presmolt outplants requires additional
information on egg-to-fry and fry-to-smolt survival rates.

A summary of egg-to-emergent-fry survival for streamside incubators in
Oregon is shown in Table 3 (memorandum dated May 21, 1985 from Richard L.
Berry, Oregon Department Fish and Wildlife, Portland, Oregon). Percent
survival of combined spring and fall chinook for the 1982-83 through 1984-85
brood-years averaged 79.3%. Estimates of egg-to-fry survival, based on
early-migrant fry trapped soon after emergence in close proximity to spawning
areas of known escapement, are shown in Table 2. Egg-to-fry survival
estimates ranged from 14.5% to 20.6% for chinook salmon and from 7.9% to 20.6%
for pink salmon.
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Table 2. Mean percent survival rate of juvenile chinook, coho, pink salmon, and steelhead trout from early
to subsequent life history stages.

Species,
investigator Location

Mean percent survival rate
Egg-to-fry Egg-to-smolt Fry-to-smelt

Spring chinook salmon:
Bjornn 1978
Jonasson and Lindsay 1983
Lindsay et al. 1981
Major and Mighell 1969
Burck  1974
Smith 1976

Fall chinook salmon:
Lister and Walker 1966
Wales and Coots 1954

Coho salmon:
Rothfus et al. 1974
Rothfus et al. 1974
McIssac 1977
Washington Dept. Fish, unpub.
Washington Dept. Fish, unpub.
Hostick & McGie 1974
Phinney 1965

Pink salmon:
McNeil et al. 1969
Barns 1974
Bailey 1976

Steelhead:
A. McGie,  unpub. data
Bjornn 1978
Bjornn 1978
P. Slaney,  unpub. data
Chilcote et al. 1984

Lemhi R., Idaho
Warm Springs R., Oregon
John Day R., Oregon
Yakima R., Washington
Lookingglass Cr., Oregon
Fall Ck. Reservoir, Oregonn

Big Qualicum R., B.C. 19.8
Fall Cr., Klamath R., California 14.5

Speelyai Cr., Washington
Speelyai Cr., Washington
3 creeks in Washington
White Salmon R., Washington
Green R., Washington
Floras Lake, Oregon
9 lakes in Washington

Sashin Cr., Baranof Is., Alaska 13.0
Tsolum R., B.C. 20.6
Auke Cr., Alaska 7.9

N.F. Umpqua R., Oregon 0.01
Lemhi R., Big Springs Cr., Idaho 2.0
Snow Cr., Washington 4.6
Keogh R., B.C. 0.51
Gobar Cr., Washington 0.09f
Kalama R., Washington 0.86

20.6

10.9
0.9

9.8
3.5
5.2

213

12.4”

2.3
26.5

a Presmolts released at 500/lb i n  1973 and 398/lb i n  1 9 7 4 .
b Presmolts r e l eased  at  an average Length  o f  7 5  mm i n  1 9 7 0  a n d  56 mm i n  1 9 7 1 .
c S u r v i v a l  o f  f i n g e r l i n g s  t o  m o l t .
d Fingerlings r e l e a s e d  a t  lOO/Lb.
e 1 .3% at  trap s i te ;  es t imated  total 3 .0% survival .
f Excluding migrant parr; 0 . 2 3 %  s u r v i v a l  i n c l u d i n g  migrant parr.



Table 3. Mean percent survival of egg to emergent fry for streamside
incubators in Oregon, all river systems combined.

Species 1982-83
Brood year

1983-84 1984-85

Spring chinook salmon 88.5 27.8 73.5
Fall chinook salmon (a) 89.4 79.3
Coho salmon I:! 78.0 83.1
Summer steelhead 85.6 93.0
Winter steelhead (a) 89.5 89.0

a Not available.

Although many river systems have a history of hatchery supplementation
using outplants of presmolts, few evaluations of this method have been
conducted. Bjornn (1978) evaluated outplants of spring chinook fingerlings
into Big Springs Creek, Idaho, in 1970 (average length 75 mm) and 1971
(average length 56 mm) and estimated survival to migrant smolts to be 20.9%
and 21.6%, respectively. In the same study, Bjornn (1978) outplanted
steelhead fry and found survival to yearling migrants averaged 2.0% (range
1.5% to 3.8%). Steelhead fry-to-smolt survival estimates made in Snow Creek,
Washington (Washington Department of Fisheries, unpublished data), averaged
4.6% (range 2.2% to 6.7%).

In Speelyai Creek, Washington, Rothfus et al. (1974) estimated
fry-to-smolt survival of planted coho fry at 5.7%. McIsaac (1977) evaluated
outplants of unfed coho fry in three creeks in Washington and found survival
rates from 0.19% to 0.79%, but his results were based on small sample sizes.
Studies in the White Salmon River, Washington (Washington Department of
Fisheries, unpublished data), showed an average 7.7% survival to smolt (range
6.4% to 9.0%) from coho fry released at lOO/lb. In the Green River,
Washington (Washington Department of Fisheries, unpublished data), 1.3% of
outplanted coho fry survived to smolt based on the number of fish recovered at
the trap site, but an estimated total of 3.0% survived to smolt in that
system.

Genetics: Ricker (1972) defines a stock as "the fish spawning in a
particular lake or stream (or portion thereof) at a particular season,
which . . . to a substantial degree do not interbreed with any group spawning
in a different place, or in the same place at a different season." This
reproductive isolation may create a genetically and phenotypically unique
stock of fish that are adapted to the environmental characteristics of the
stream in which they evolved. Endemic stocks of fish are continually subject
to natural selection that maximizes fitness, or the potential of the
population to successfully produce fertile offspring.

Stocks of fish adapted to a hatchery environment may differ substantially
from their native progenitors in terms of their fitness in a natural stream
environment. Hatchery stocks may undergo interbreeding, protection of unfit
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genotypes, and artificial selection for traits that may be desirable in a
hatchery environment but undesirable in a natural environment.

An important concern of outplanting hatchery fish to increase natural
production in a stream is the potential for genetically altering populations
of naturally spawning fish. Reisenbichler (1984) developed a simple genetic
model (one gene locus with two alleles) to incorporate gene flow and
density-dependent mortality. Computer simulation of this model showed that
density-dependent mortality and gene flow constitute a potent force for
eliminating advantageous alleles and, by inference, for causing other
potentially damaging genetic changes in wild fish populations.

Reisenbichler and McIntyre (1977) measured growth and survival of
offspring from matings of hatchery and wild Deschutes River summer steelhead
to determine if hatchery fish differ genetically from wild fish in traits
that can affect stock-recruitment relationships of wild populations. Sections
of four natural streams and a hatchery pond were stocked with genetically
marked (lactate dehydrogenase genotyes) eyed eggs or unfed fry from each of
three matings: hatchery X hatchery (HH), hatchery X wild (HW), and wild X
wild (WW). In streams, WW fish had the highest survival and HW fish the
highest growth rates. In the hatchery, HH fish had the highest survival and
growth rates. They concluded that hatchery fish were genetically different
from wild fish and when they interbreed with wild fish, production of smolts
may be reduced.

Genetic analysis of the 1979 brood steelhead smolts in Gobar Creek,
Washington (Chilcote et al. 1982), indicated that WW mating produced 19%
more smolts than HW matings and 72% more smolts than HH matings. Analysis of
the 1980 brood steelhead in Gobar Creek showed a similar pattern: WW matings
produced 13 percent and 54 percent more smolts than HW and HH matings,
respectively. Additional data collected in 1981 and 1982 (Chilcote, et al.
1984) indicated that wild steelhead spawners were 270% more capable of
contributing to the natural production of subyearling steelhead in the Kalama
River, Washington, than were spawners of hatchery stock. A preliminary
evaluation of smolt data in the Kalama River suggested that the reproductive
fitness of wild steelhead may exceed the reproductive fitness of hatchery
steelhead by 600%. Chilcote et al. (1984) presented evidence that the
observed differences in reproductive success between hatchery and wild
steelhead may be due to (1) early, nonadaptive spawning of hatchery fish,
resulting from artificial selection for early spawning fish, and (2) an
inherent (yet unknown) competitive advantage of fry from wild parents over fry
from hatchery parents.

Evidence of reduced survival in progeny from adults that survived from
outplanted hatchery presmolts comes from preliminary results of coho presmolt
evaluations in Oregon coastal streams (personal communication during June 1985
with Mario Solazzi, Oregon Department of Fish and Wildlife, Research and
Development Section, Corvallis, Oregon). Adult returns from hatchery presmolt
releases were not significantly different from adult returns to control
streams that were not stocked; however, juvenile densities in the treatment
streams that resulted from adults that returned from presmolt' releases were
significantly lower than juvenile densities measured in the control streams.
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Miller (1954) compared the survival and growth of hatchery fry and wild
cutthroat trout fry planted in enclosed stream sections. Survival of hatchery
fish was 0% to 4.9% over the first winter and 0% to 3.1% over the second
winter, compared with 46.0% and 29.0% survival, respectively, for wild fish.
Also, hatchery fish grew more slowly than wild fish. Miller (1954) concluded
that the low survival rate of hatchery fish was due to the absence of natural
selection at early stages in their life history.

These studies suggest that outplants of hatchery fish may cause genetic
change in endemic populations and that such changes may persist even if
outplanting is discontinued. A basic assumption to this premise is that
hatchery stocks are genetically different from the wild stocks that are being
supplemented. In a review of the genetic implications of stocking hatchery
trout on native populations, Nicholas et al. (1978) suggested that hatchery
practices can be modified to produce fish that are genetically similar to
native fish in a particular watershed. This process involves developing new
hatchery strains and introducing native stocks back into the hatchery
population, avoiding artificial selection for traits that differ from those of
wild spawning populations, and minimizing interbreeding. These techniques
have been used to supplement the wild stock of fall chinook in Elk River,
Oregon, with hatchery-reared fish (Reimers 1978). In that hatchery program,
wild Elk River spawners were captured to establish the original broodstock.
Since then hatchery practices have been developed in an attempt to avoid
altering the biological characteristics or the production of the native fall
chinook population. These practices include (1) collecting eggs from
throughout the spawning run (November through February), and (2) maintaining
genetic variability and reducing inbreeding by including wild fish in the
egg-take, using one male for every female spawned, and by crossing all age
lines of returning spawners (Nicholas et al. 1985).

During the first 11 brood years of hatchery returns to Elk River, the
hatchery component of the spawning escapement averaged approximately two-
thirds of the run. Many of these hatchery fish inbreed with wild fish in Elk
River (Burck and Reimers 1978). In addition, annual releases of up to 634,000
hatchery spawned unfed fry were made from 1977 to 1984 in several upriver
tributaries (personal communication during July 1985 with Timothy Downey,
Oregon Department Fish and Wildlife, Research and Development Section, Port
Orford, Oregon). Despite these potential effects on wild production, the wild
component of spawning escapement to the system has remained relatively stable,
and no significant change in the biological characteristics of the wild
populations are evident.

Competition: The physical environment of a stream system determines the
overall rearing capacity and provides the framework within which biological
characteristics of the fish population regulate the density and survival of
each species. One mechanism that regulates density and survival is intra-
specific and interspecific competition for limited resources (Chapman 1966).
Amount of habitat and, to some degree, of food are limited resources within a
stream. Competition for these resources may be the basis for establishment of
territories and size-hierarchies by juvenile fish within the appropriate
habitat for a particular species.

-13-



The acquisition of optimal feeding stations or territories is of survival
benefit to individual fish. Despotic fish in hierarchies or successful
territorial fish grow more rapidly than subordinates or refugees (Kalleberg
1958; McPhee 1961; Chapman 1962; Mason and Chapman 1965). Reimers (1968)
found that dominance-subordination relationships among juvenile fall chinook
salmon were largely determined on the basis of size, Dominant fish, in
possession of the best terrritories relative to food and shelter, were the
largest. Chapman (1962) and Mason and Chapman (1965) found similar
relationships for juvenile coho salmon in streams. Early-emerging coho fry
were, on the average, larger and more abundant within terminal populations
than late-emerging fry,and were occupying the most upstream areas within the
stream channels. They concluded the number and size distribution of coho
throughout the stream channels was associated with feedinq opportunity and
food availability levels, competition, and behavioral dominance through
aggressive behavior.

Chapman (1962) has shown that aggressive behavior associated with
intraspecific competition for food and space is an important cause of
downstream movement of coho fry prior to smolt migration. Lister and Walker
(1966) hypothesized that density-dependent factors may be important in the
early migration of chinook fry observed in the Big Qualicum River, British
Columbia. Fry that migrate early as a result of density-dependent factors may
be less successful at establishing feeding stations or territories. These
fish may remain small and thus subjected to predation for a longer period of
time (Larkin 1956).

The implication of competition among juvenile salmonids in an outplanting
program is that stocking density and size at release may influence survival of
both outplanted cohorts and resident wild fish within the stream. Solazzi et
al. (1983) found that outplants of coho fry in several Oregon streams
significnatly increased total production but decreased the production of wild
juvenile coho by 40% to 50%. The hatchery presmolts were larger than resident
coho at the time of release, because of earlier hatching and two to three
months of hatchery feeding. Solazzi et al. (1983) attributed the reduction of
wild juveniles to a competitive advantage of larger hatchery coho over wild
coho for food, space, and cover.

Predictor Models for Estimating Rearing Capacity and Stocking Rate: The
production capacity of a stream (biomass per unit area) is dependent upon the
total area and quality of habitat available for rearing. Several methods and
predictor models have been developed that correlate physical parameters of a
stream to biomass of salmonids. These methods of estimating or predicting
rearing capacity were developed to provide guidelines for evaluating the
suitability of streams for outplanting and appropriate stocking rates.

McIntyre (1983) developed several predictive models, based on data
obtained from five populations of spring chinook in the Columbia River basin,
as a method of identifying populations that could benefit from outplanting and
estimating the minimum number of fish required to increase the populations to
levels consistent with the maximum yield of smolts. These models were
designed to use information that is often readily available to managers:
stream discharge, "carcass" counts, and stream length.
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McIntyre (1983) concluded that the hypothetical relationships he
developed showed that increased growth and survival at low population density
resulted in biomass (total weight) compensation in late summmer if egg
deposition was about 90% of the eggs required for full seeding. Although the
population does not fully compensate for lower densities, nearly 95% of the
carrying capacity biomass in late summer is still attained from egg
depositions as low as 75% of the maximum egg deposition.

A more recent model developed by McIntyre (in process) to estimate
deficits in the size of spawning stocks of spring chinook in upper Columbia
River tributaries uses length of mainstem as an index of the amount of rearing
habitat available in a stream and its tributaries. Data from the same rivers
used in previous models was used to relate maximum number of smolts produced
in each stream to length of the mainstem,
used in previous models.

rather than stream discharge data
Tables were then presented that give estimated

deficits in the number of fry in a stream at five levels of natural spawning
(percentages of Em, maximum number of eggs deposited) in streams with
main-stem lengths from 4 to 235 Km.

McIntyre's methods are the most detailed available, and they use
information that is often readily available or simple to obtain. However,
this method does not take into account differences in migration patterns of
juveniles in the rivers used to generate the equations. McIntyre also assumed
that the lowest average monthly stream discharge or the length of mainstem
determines carrying capacity, which is influenced by many other variables. In
addition, this method does not account for water withdrawals downstream of
gauging stations or impoundments, which may not significantly alter discharge
but do affect rearing area.

A somewhat simpler method of determining rearing capacity for spring
chinook was developed by D.W. Kelley and Associates (1982) in the Tucannon
River, Washington. A total of 19.6 miles of stream was surveyed, and rearing
habitat for spring chinook was rated as: 1 = poor, 2 = fair, 4 = good, 8 =
excellent. They developed a Rearing Index (RI) that equaled RI = (assigned
rating times area rated) divided by length of stream rated. Population
estimates of salmonids were then conducted in 2 pools, 4 glides, and 4 riffles
and plotted against RI values. The resulting equation for rearing habitat
could be applied to any rated habitat: rearing capacity (number of fish) =
0.01 + O.O14(RI). The method is a relatively simple way of surveying habitat
and estimating rearing capacity in any stream; however, the formula developed
was based on sampling only during summer at few sites on one stream. It
assumes the stream was fully seeded and that water temperature or other
factors were not limiting later in the year.

A similar approach based on a much broader data base was developed by
Anderson (1984). Stream habitat was categorized by type (pool, riffle, glide
as described by Bisson et al. (1982). Each type was assigned a range of
carrying capacities (density of fish) by species at summer low flow, based on
population estimates of salmonids at 365 sample sites in several Oregon
coastal streams. Only streams with known steelhead and coho spawning
escapements the previous winter were sampled, although no determination of
seeding level was made. Anderson (1984) also assumed that fish populations
were not limited by unmeasured factors. This method illustrates a range of
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juvenile steelhead and coho densities in western Oregon streams for different
habitat types, but offers limited information on the maximum capacity of each
habitat type to rear fish or parameters, including seeding level, that
influenced the density of fish found in each habitat type measured.

A set of guidelines for stocking salmonids into Oregon coastal streams
was developed by McGie (1985). These guidelines were established to identify
populations that could benefit from stocking programs, either through plants
of juvenile fish from hatcheries or Oregon Salmon and Trout Enhancement
Program egg-boxes, and provide direction on stocking rates consistent with the
maximum number of juveniles any particular stream could support. Two
approaches to estimating stocking rates were used--one for fall chinook salmon
and one for coho salmon, steelhead, and cutthroat trout. For the latter
group, the stream considered for stocking was first quantified by types of
habitat used by different species (percent pool, gradient, stream order) and
by physical characteristics that determine habitat quality (type of cover,
channel profile, riparian vegetation, maximum water temperature). These
criteria were combined into a habitat quality index (HQI), with the stream
placed into one of five categories ranging from "l", indicating poor habitat
with little or no potential for rearing, to "5", indicating optimum conditions
for the'species throughout the area. Stocking densities were then calculated
for each level of HQI, ranging from 0 fish when HQI equals 1, to 4.01 coho/sq
m, 1.00 steelhead/sq m, and 1.00 cutthroat trout/sq m when HQI equals 5.
Calculations for coho stocking rates came from data in the Oregon Coho Plan
(Oregon Department of Fish and Wildlife 1981) and the Alsea River, Oregon
(modified from Moring and Lantz 1975). Calculations for steelhead and
cutthroat trout were based on stock-recruitment data calculated for summer and
winter steelhead races in the North Umpqua River, Oregon, (Oregon Department
of iish and Wildlife, unpublished data), British Columbia Stream Enhancement
Program guidelines, and from two streams in Idaho (Bjornn 1978; Mabbot 1982).
Four stocking models of increasing complexity were presented based on the
level of available information on the area of habitat and current spawning
population. Recommended fry stocking densities based on the HQI of the stream
were then used in each model to calculate the stocking rate, or number of fry
to be released into the stream.

Stocking guidelines for fall chinook salmon were based on data obtained
from the Nestucca and Siletz rivers, Oregon, which were assumed to be
adequately stocked by natural spawning populations at an 'average 0.72 fry/sq
m. Potential fry production in each Oregon coastal river was calculated from
the ratio of the combined estimated freshwater rearing area in the Nestucca
and Siletz rivers (assumed fully seeded) to the estimated rearing area in the
river being considered for stocking. Actual fry production in a river system
was calculated from an estimate of spawning escapement. The difference
between potential and estimated fry production was the number of fry
recommended for stocking.

McGie's (1985) method for fall chinook salmon uses the best available
information and provides sound guidance for stocking Oregon coastal streams;
however, this method may be inappropriate for chinook with different juvenile
life histories, particularly spring chinook in the Columbia River basin.
Oregon coastal fall chinook typically migrate downstream in their first summer
or fall and rear to some degree in estuaries (Herring and Nicholas 1983).
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Therefore, juveniles are not limited by over-winter conditions and may not be
as influenced by low summer flows and water temperatures as stocks of chinook
that rear in freshwater and migrate as yearlings. In systems where the number
of wild spawning adults and the area of rearing habitat is known, a
modification of McGie's models for estimating coho stocking rate may be
applicable to other species. An important variable in these models is the
stocking density of fry, which varies according to the HQI of the stream. The
maximum fry density at HQI = 5 was calculated from (1) stock-recruitment
relationships that predict the number of adult spawners needed to attain
maximum sustained production (MSP) in a system and (2) from an estimated egg
to smolt survival rate at MSP. In the absence of these data; the desired
number of adult spawners and egg-to-smolt survival rate applicable to a
particular system would have to be calculated by other methods.

Gamblin (1984) evaluated several habitat-biomass predictor models in an
effort to identify and evaluate potential salmonid enhancement projects within
the lower Snake River basin. Earlier work with the HQI as described by Binns
and Eiserman (1979) indicated that the model did not adequately predict
salmonid biomass in anadromous streams in Oregon, Washington, and Idaho
possibly because it was developed for Wyoming resident trout streams. To
further evaluate the potential of the HQI model and a similar regional model
developed by Gamblin (1984), the HQI data base was expanded to identify
parameters that might make a habitat-biomass model applicable to salmon and
steelhead streams. Stream habitat parameters and salmonid abundance and
biomass were measured along 67 study transects in 42 streams within the
Salmon, Clearwater, and Lost rivers in Idaho, and in the Wenatchee River in
Washington. Results of regression analyses of these parameters indicated that
both the refined version of the original HQI model and the regional model did
not adequately predict biomass in anadromous streams. Poor performance of the
models was attributed to factors that could not be easily measured, yet played
a primary role in stream biomass variation--seeding level by anadromous
species, straying of presmolts (particularly steelhead) into nonnatal streams
after over-wintering in larger streams, and the effect of angling mortality on
biomass in the study streams. Gamblin (1984) concluded that a predictive
model for anadromous fish stream production was not realistically attainable
at this time, and that the best method to evaluate habitat quality or guide
hatchery outplanting programs continues to be a skilled professional opinion,
based on the best available data.

Summary and Conclusions: The suggestions and guidelines for outplanting
that follow were located in the literature.

The Stream Enhancement Research Committee (1980) says:

Mature adult salmonids can be transferred directly upon
capture to the areas of stream above an obstruction. This
method of initiating the colonization of an area has been
used successfully, however, there have also been instances
where some of the transferred stock has dropped back downstream
to spawn in the area from which they were captured.
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Phinney (1965) made the following recommendations as the result of
cost:benefit analysis of a coho lake rearing project:

1. Streams selected for stocking should be under-seeded due to either (a)
low escapements or (b) lack of spawning area.

2. In years of high escapement, stocking should be reduced to include
only areas which are chronically under-seeded because they lack
sufficient spawning area.

3. Where conflict with existing populations is likely, fry plants should
be designed to minimize the size differences between stocked and wild
fry.

Bjornn (1978) reported that spring chinook fingerlings had to be planted
into Big Springs Creek a d n  the Lemhi River, Idaho, in late May for fish to
remain in the streams. He also cautioned that:

1. Broodstock used for supplementation should be as genetically similar to
native, naturally spawning populations as possible. If there are not
native fish in the stream, broodstock should be taken from closely
adjoining streams.

2. Careful consideration should be given to the timing of introducing
supplemental fish into the streams.

We believe that the following considerations are important in any outplant
Program:

1. In wild fish only streams enhancement is best accomplished by habitat
protection and harvest control. Where fishery managers are primarily
concerned about maintenance of genetic integrity of wild stocks,
supplementation with hatchery stocks should not be considered.

2. Many of our anadromous fish streams are managed for wild-hatchery mix,
with the decision usually justified by the intention to take substantial
care to minimize interactions between the wild and domesticated stocks.
Adding hatchery fish to stream areas to supplement wild rearing without
substantially affecting the wild stocks, while theoretically possible, may
be impractical given the biological, technical, and political difficulties

involved. Without respect to proven effectiveness, the following
considerations have been practiced or suggested to minimize wild-hatchery
interactions and to improve potential for success of an outplanting
program:

a. Stocks for introduction should be derived from or closely related to
the wild stocks in the stream.
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b. The carrying capacity of the receiving water should be evaluated, and
only sufficient outplant fish should be introduced to make effective
use of underseeded habitats. When carrying capacity is in doubt,
deliberately understock.

c. Theoretically, the method of introducing hatchery fish can have a
material effect on the hatchery-wild interaction potential (personal
communication during August 1985 with J.D. McIntyre and R.R.
Reisenbichler, U.S. Fish and Wildlife Service, Seattle, Washington).
Introduction methods that minimize possiblity for artificial selection
should be preferred.

1) Introductions of locally-adapted adults appear to minimize
interaction potential, assuming reasonable stocking rates.

2) Introductions of locally-adapted smolts will yield eventual adult
returns, but smolt quality must be good, or in-stream residualism
of planted smolts provides competition and predation.

3) Introductions of locally-adapted eggs (Vibert Boxes or streamside
incubators) are somewhat questionable in relation to numbers of
unfed fry that survive to emerge. Previous thermal history of the
eggs must be considered.

4) Unfed fry and presmolts from hatcheries appear to have the highest
potential for harmful interactions with wild fish.

d. Introductions of the various life stages can be coordinated to
minimize impacts: supplemental fish or eggs can be released at sizes,
temperature units, et cetera comparable to the existing wild
population.

e. The genetic quality of hatchery fish for outplanting can be maintained
to a degree through rigorous use of good spawning and propagation
practices (take eggs throughout the duration of the run, use proper
sex ratios in the spawning process, spawn all age classes and sizes of
returning adults, et cetera). Some fish culture programs mark all
hatchery-released fish to permit identification of hatchery and wild
fish when adults return to the hatchery weir. Some known wild fish
can then be purposely spawned as a means of infusing wild genes back
into the hatchery stock. However, almost all these precautions
require extra forethought, work, and care, which limits expediency.
Some enlightened programs will go to the extra effort to insure the
genetic intregity of the hatchery stock, but 53% of the hatchery
experts questioned in a recent s u  responded that human
efficiency, not resource concerns, is the primary basis of fish
culture decisions.

1 Diggs, D.H. 1984. A "Delphi" survey into the methods and practices of
spring chinook salmon culture. United States fish and Wildlife Service,
Dworshak Fisheries Assistance Office, ahsahka, Idaho, USA.
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3. In streams managed exclusively for hatchery production, supplementation
plans are reasonably easy. Advanced presmolts can be released late enough
to avoid population-reducing effects of freshets; and if quick adult
returns are desired, smolts can be released.

Recommendations: We recommend a study of outplant programs as a way of
returning still-habitable stream areas back to producton of anadromous fish.
We have seen that changes in juvenile rearing densities do not necessarily
reflect subsequent adult return; thus we recommend that any outplant program
be evaluated in terms of adult return and, where practical, into second
generation effects.

The attached Willamette Supplementation Study proposal appears to provide
many of the desirable attributes for outplant evaluation (use of indigenous
stocks, evaluation of adult return, and concentration on a critical species).
However, availability of test streams limits the potential number of
treatments that can be tested.

Assuming acceptable stocks and stream numbers can be obtained, outplant
tests with coho should be considered in order to take advantage of the
potential benefits of comparing results between species and the more efficient
data collection benefits provided by the shorter life cycle of the coho.

Tasks 1.12 and 1.15

The purpose of these tasks is to estimate potential benefits and adult
return from offstation release of hatchery-reared smolts. This question is
complicated by the extreme variability of observed survival rates between
releases of smolts, by the expected spawning success of those adults that
survive to return, and by the viability of the progeny that may result from
such spawning.

Adult return rates from hatchery-released smolts in the Willamette system
have ranged from 0% to 1%, depending on brood year and hatchery of rearing and
release (Table 4). In an attempt to generalize, we estimate that an "average"
group of spring chinook smolts from a "typical" Willamette River hatchery
would return 2.9 adults to the stream of release from 1,000 smolts liberated.
Adult returns are infrequently typical; some facilities are consistently more
efficient than others. In reality the number of adults that return from a
given smolt release depends on many factors including hatchery regime, disease
history, prerelease handling, duration of transportation of smolts, and
vagaries of ocean environment and fishing presssure.

Another concern is whether adults that return from hatchery-released
smolts will survive to spawn. Such adults can spawn, assuming environmental
conditions for adult survival to time of spawning are present, but at a lower
level than would be expected from similar numbers of naturally-produced adults
(Solazzi et al., in process; Chilcote et al, 1984). The survivability of
progeny thus produced is also questionable. Based on the volume of data
related to inferior genetic makeup of hatchery fish and the long history of
domestication of Willamette chinook stocks, we suspect continued smolt
releases would be required to maintain a 1:l ratio of parent to progeny
return to most Willamette River tributaries.
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Table 4. Percentage survival rates for Ad +  CWT marked smolt releases,
Willamette spring chinook hatcheries.

Hatchery, brood,
time of release

Percent survival from smolts released
Total Return to

survival hatchery

O a k r i d g e - D e x t e r
1974:

Fall
Spring

1975:
Fall
Spring

1977:
Fall
Spring

1978:
Fall
Spring

1979:
Fall
Spring

M a r i o n  F o r k s
1974:

Fall
Spring

1975:
Fall
Spring

1976 spring:
1977 spring:
1979 spring:

S o u t h  S a n t i a m
1975:

Fall
Spring

1976:
Fall
Spring

1977:
Fall
Spring

1978:
Fall
Spring

2.41 0.79
1.06 0.30

0.62 0.21
0.29 0.07

1.47 0.67
2.06 0.47

1.07
0.68

0.32
0.81

0.00
0.00

0.00
0.03
0.01
0.17
0.10

0.76 0.34
0.15 0.05

0.97 0.46
1.24 0.43

0.34
0.37

0.14
0.07

0.05
0.06

McKenzie
1978:

Fall
Spring

1979:
Fall
Spring

0.24
0.01

0.08
0.26
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Smolts can be defined as immature anadromous fish at a stage of
development where they are ready to migrate to the sea. Current hatchery
practices strive to produce a smolt that will begin seaward migration
immediately after release. Thus, smolt releases provide the potential for
making use of underseeded stream areas only after time has elapsed, adults
have returned and have produced viable progeny. We believe some Willamette
Basin streams lack suitable conditions for oversummer holding of returning
adults, but still could rear juvenile salmon. In these streams, release of
smolted juveniles never would take advantage of the unused rearing capacity.

Reference for Tasks 1.12 and 1.15: Chilcote, M.W., S.A. Leider, and
J.J. Loch. 1984. Kalama River salmonid studies. Washington State
GameDepartment,  Fisheries Management Division 84-5, Olympia, Washington,
U.S.A.

Task 1.13

The purpose of this task is to identify reservoirs and streams in the
Willamette basin that are currently underseeded with spring chinook.

Rearing Potential Rearing Salmon in Reservoirs: Juvenile spring chinook
are well adapted to rearing in Willamette Valley reservoirs (Korn and Smith
1971), and three large reservoirs in the basin currently rear salmon as part
of an annual production program. Requirements for successful rearing and
juvenile passage from reservoirs that do not produce power are reasonably well
established (Smith 1976). A suitable downstream-migrant collection system was
developed (Wagner and Ingram 1973) about the time the last
hydroelectric-generating storage reservoir was constructed on a major
Willamette Basin tributary.

Large hydroelectric projects now block major portions of the historical
spawning and rearing areas for Willamette spring chinook. The production
potential of areas above these dams is largely intact, but reestablishment of
salmon populations is precluded by lack of effective passage facilities for
downstream migrants. However, turbine-inflicted mortality rates that restrict
maintenance of wild populations of salmon may be acceptable when put in the
perspective of offstation releases of excess hatchery stocks of fish to
supplement existing production.

Although impounded waters and their tributaries in the Willamette basin
provide substantial potential for rearing salmon, several factors often
preclude establishment of effective supplementation programs:

1. Most dams with turbines lack effective juvenile passage facilities, and
the cost of retrofitting is often prohibitive.

2. Populations of competitive and predatory fish often limit or eliminate
production potential. Juvenile salmon compete well with most other indigenous
salmonids. However, introductions of warmwater fish species, frequently
illegal, have had devastating effects on survival of young salmon in
reservoirs.
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3. Fishery managers are sometimes hesitant to rear salmon because of
potential interference with established fisheries programs.

4. Lack of manpower to more intensively manage existing reservoir-rearing
programs.

Major impounded waters in the Willamette basin and pertinent
salmon-rearing data for each are as follows:

1. Clackamas River System. The River Mill, Faraday, North Fork Reservoir
complex - marginal adult passage. Smolts that migrate at periods of no spill
are passed around these projects via the North Fork "skimmer" (Figure 2).
During spill periods, many smolts pass over North Fork Dam into Faraday
Reservoir and power canal or into River Mill Reservoir, resulting in high
mortality. Chinook presmolts and smolts are currently released into stream
areas above these dams, and substantial natural spawning sometimes occurs.
Portland General Electric Company mitigates losses of chinook at these
projects with smolt production at Clackamas Hatchery.

2. Santiam River System. Substantial potential for rearing salmon exists in
Detroit Reservoir and tributaries above Detroit Dam on the North Santiam
River. Turbines currently reduce survival of migrants. Detroit Reservoir is
managed for a trout fishery. Salmon losses are mitigated by a United States
Army Corps of Engineers funded hatchery at Marion Forks.

A once substantial rearing program (two million presmolts per year) in
Green Peter Reservoir and tributaries on the South Santiam River now appears
limited by predacious fish, negating the utility of successful downstream
migrant facilities. Foster Reservoir has limited rearing potential because of
large populations of nongame fish,and because smolts passing through Foster
Dam turbines sustain 15% to 20% mortality (Wagner and Ingram 1973). Losses of
salmon and steelhead production in flooded areas are mitigated by United
States Army Corps of Engineers funded South Santiam Hatchery. Migrant-
protection studies are being conducted.

3. McKenzie River System. Leaburg Lake currently rears naturally-produced
chinook and some presmolts are released into tributaries. Leaburg Dam diverts
the majority of migrating smolts through a canal into a turbine that kills
many fish (Smith et al. 1982). A fish-protection screen has been installed at
the diversion to eliminate this source of mortality.

Blue River Reservoir currently rears 200,000 presmolt chinook annually.
Additional rearing capability exists, but chinook rearing must be balanced
with a trout fishery. Although there are no turbines on the reservoir
discharge, migration is effected by release of water through low-level
regulating outlets.

Cougar Reservoir has excellent potential for rearing chinook, and major
spawning and rearing areas exist above the reservoir. A juvenile passage
system installed when the dam was constructed was evaluated and found
ineffective (Ingram and Korn 1969). Cougar is a high-head hydropower dam with
low-level turbine intakes. Retrofitting for a temperature-control structure,
which is currently being investigated (USACE 1984), may, if constructed,
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RESERVOlR

Figure 2. Sketch of mid-Clackamas hydroelectric developments.
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provide migrant-passage benefits. Currently managed for trout. Salmon losses
because of the project are mitigated by United States Army Corps of Engineers
funded McKenzie Hatchery.

EWEB's upper McKenzie hydro complex: Trail Bridge Reservoir appears to
be the only project among this complex practical for consideration of
reservoir rearing of spring chinook. Major considerations for use of this
reservoir in salmon rearing efforts are:

1. One hundred and twentv surface acres of relativelv infertile, but good
quality, water at full pool.

2. Predaceous and competitive fish in the reservoir are
salmonids.
3. Normally no spill at existing operating conditions.

4. Chinook must sound 40 feet to the top of the turbine
migrate.

limited to

intake structures to

5. Migrants would have to pass through a Kaplan turbin under 90 feet of
head to leave the reservoir. Based on ODFW experience at other Willamette
Valley projects (Smith 1976), we would expect to release 60,000 spring
chinook fingerlings into Trail Bridge Reservoir in June of each year, and
15% (9,000) would survive to migration. Assuming all surviving smolts
found the intake, approximately lo%1 (900) would die passing through the
Kaplan turbines. Of the remaining 8,100 smolts 2% (160 adults) would
survive and return to the project, assuming adequate protection during
emigration. This estimated survival to return would provide approximately the
same annual levels of adult entry as the largest previous counts into
Carmen-Smith spawning channel (Figure 5), as well as yield about 125 adults to
freshwater fisheries and 149 adults to offshore fisheries (based on mean catch
to escapement levels observed in Table 6).

4. Coast Fork Willamette River System. In-reservoir rearing of salmon in
Cottage Grove Reservoir was studied from 1969 to 1975. Cottage Grove
Reservoir produced up to 345,000 spring chinook smolts per year, but large
populations of warmwater game fish required frequent treatment with rotenone
to maintain high levels of salmon survival. The dam does not have any
turbines on its low-level regulating outlets. The reservoir is currently
managed for warmwater game fish and trout.

Dorena Reservoir has essentially the same physical features as Cottage
Grove Reservoir. Salmon production potential depends on control of predaceous
species in the reservoir. This reservoir is currently managed for warmwater
game fish and trout.

1 Estimated 13% mortality to chinook smolts released into Kaplan turbines with
90 feet head at Walterville powerhouse (Smith et al. 1982) and a generalized
7% Loss for Kaplan turbines examined by B e l l  et al .  1957.



5. Middle Fork Willamette River System. Fall Creek Reservoir has reared
juvenile spring chinook each year since 1965. No turbines exist on its
low-level regulating outlets. Juvenile evacuation and a degree of rough fish
control are accomplished by complete draining of the reservoir each fall. The
rearing program targets release of l,OOO,OOO  presmolt (100-500/lb) spring
chinook into the reservoir annually. Fingerling-to-smolt survival was
measured at 13.5% in 1974 and 11.3% in 1975. Adult returns to the project
since 1969 have ranged from 4,696 to 136, with a mean annual return of 1,546.
The reservoir is managed for spring chinook rearing and a put-and-take trout
fishery. For the two broods for which we have accurate reservoir-reared smolt
migration estimates, adult return to the project averaged over 2%, about twice
the survival to return we observe from our best hatchery-reared smolts.

Lookout Point is a high-head hydropower dam with low-level turbine
intakes. It impounds a large deep reservoir that is heavily populated with
nongame fish and a few warmwater species. Spring chinook released in this
reservoir appear to survive at a low level, and we have observed that some
migrate through the turbines. Dexter Reservoir, Lookout Point Dam's
reregulating facility, generates low head power and spills with some
frequency. Large populations of nongame fish limit potential for in-reservoir
rearing. Losses of salmon rearing area blocked by Lookout Point and Dexter
reservoirs are mitigated by USACE-funded Oakridge-Dexter Hatchery complex.

Potential for Rearing Salmon in Streams: The potential, for rearing coho
salmon in most stream areas of the Willamette Drainage has been estimated
based on stream surface area and 0.42 smoltslyd2 (Williams, in process).
Larqer streams suitable for rearing spring chinook do not appear in these
estimates.

We asked each district fishery management biologist in the Willamette
basin to identify those streams within his jurisdiction that met the following
criteria:

1. Spring chinook populations currently reduced from historic or desirable
levels.

2. Habitat suitable to rear juvenile spring chinook.

3. Stream size to permit evaluation.

4. Management guidelines compatible with our proposed Supplementation Study
(capable of receiving unfed fry, 100-500/lb presmolts, or gravid adults).

We also asked these managers to empirically estimate the desired mean
annual levels of adult return to each of these currently-underseeded streams.
The distribution of identified streams appears in Figure 3, and descriptions
of habitat quality appear in U.S. Fish and Wildlife Service (1940), Willis et
al. (1960), and the Willamette Basin Comprehensive Study (Willamette Basin
Task Force 1969).

The features of each stream are listed under the management district in
which they are located.
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Figure 3. Stream areas
in the Willamette Basin
identified as eligible for
supplementation with spring
chinook from hatcheries.



1. Lower Willamette District Streams. Salmon produced in these stream areas
are subject to mortality during migration past PGE's dam complex in the
mid-Clackamas River area.

The Collowash River provides good habitat for adults and fair potential
for juvenile rearing. It currently supports a variable but low adult return.
The desired annual escapement is 300 adults.

Hot Springs Fork of the Clackamas River provides good habitat potential
for adult and juvenile chinook, currently with a low adult escapement. The
desired escapement is 200 adults.

The Big Bottom area of the Clackamas River contains excellent habitat for
adults and juveniles. Low adult escapements are currently supplemented by
adults trucked from the North Fork Dam adult trap. The desired annual
escapement is 1,500 adults.

The North Fork Clackamas River contains fair habitat for adults and
juveniles, and existing low adult populations may adequately seed the rearing
area. It probably supports about 50 adults currently. This stream is deemed
suitable for a control stream.

2. West Slope-Molalla District Streams. Table Rock Fork Molalla River has
habitat that is suitable for juvenile rearing but is questionable for adult
holding. A snorkel survey in 1984 located 39 adults that resulted from a
release of smolts in 1981. The desired annual escapement is 100 adults.

Habitat in the North Fork Molalla River is suitable for juvenile rearing,
but only marginal for adult holding. A snorkel survey in 1984 detected only 2
adults. The desired annual escapement is 100 adults.

Butte Creek may adequately rear juveniles but has poor habitat for adult
holding; thus, this stream is most suitable for fry or presmolt releases. No
adults currently use this stream. The desired annual escapement is 30
adults.

3. Mid-Valley District. Abiqua Creek once supported spring chinook, but is
now devoid of this species. Habitat could rear juveniles, but adult holding
water is limited.  The desired annual return is 300 adults.

Thomas Creek has fair potential for juveniles and adults. A few adults
still spawn in this system. The desired annual escapement is 300 adults.

Crabtree Creek has fair potential for juveniles and adults. The desired
annual escapement is 300 adults.

The Calapooia River once supported a chinook population that declined
because of chronic adult-passage problems at diversion dams. It still has
good potential for juvenile rearing and good habitat for adult holding in the
upper river area. The desired annual escapement is 400 adults.
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The Little North Fork Santiam River has good habitat for juveniles and
adults, although holding pools for adults are limited. Adults still spawn in
this stream. The large size of this stream may limit adequate evaluation.
The desired annual escapement is 400 adults.

4. Upper Willamette District. Horse Creek contains good water quality and
quantity for juveniles and adults, although rearing pool area may limit smolt
production. A few salmon still spawn in this stream. The desired annual
escapement is 400 adults.

Lost Creek has good water quality for juveniles and adults. Adult
returns are much reduced over historic levels, but salmon still return and
spawn. The desired escapement is 600 adults, but the management preference
would be to maintain this as a control stream.

Deer Creek is marginal for juveniles, and the quantity of water is poor
for holding adults. The desired escapement is 50 adults.

Gate Creek could rear juveniles and adult holding water is of fair
quality. Some adults spawned in the lower sections in recent years. The
desired annual escapement is 200 adults.

Little Fall Creek likely could rear some juveniles,but has poor midsummer
volume for holding adults. A block to the upstream migration of adults is
being laddered. The desired escapement is 75 adults.
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T a s k  1 . 1 4

The purpose of this task is to identify criteria for selection of
hatchery stocks to use. Guidelines for introduction of fish species and
stocks to release in Oregon waters are generally established by the following
policy documents:

1. Fish Stocking Policy for Oregon (ODFW 1974). This paper defines species
and races of fish cleared for introduction into Oregon waters, discusses
disease introduction safeguards, and prescribes procedures for submitting
requests.

2. Wild Fish Management Policy (ODFW 1980a). This policy formally recognizes
the importance of natural selection and genetic identity of wild fish, and it
ranks three levels (wild fish only, wild-hatchery mix, hatchery fish only) of
fish management options to be applied to each water body in Oregon.

A Departmental Guide for Introduction and Transfers of Finfish into
&egon Waters (ODFW 1982). This guide describes specific locations within the
state where introductions of exogenous fish are permitted.

4. Willamette Basin Fish Management Plan (ODFW 1980b). This plan
provides goals, guidelines, and needs for the management of important fish
species and aquatic organisms in the Willamette basin.

Within the confines of these written guidelines, individual fishery
biologists have the freedom to choose the stocks to use within their
geographic district. Decisions about stocks to use in a specific stream are
influenced by economic, biological, genetic, and social considerations. A
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discussion of these influences is being drafted in "Management Concepts of the
Comprehensive Plan for Production and Management of Oregon's Anadromous Salmon
and Trout" (ODFW, in process).

A synthesis of these considerations in relation to the application of
offstation salmon releases in the Willamette basin to supplement wild rearing
would conclude:

1. Only "Willamette stock" spring chinook collected at Willamette basin
facilities may be used in supplementation efforts in the Willamette system.

2. To the degree practicable, subbasins will be isolated. For example,
excess hatchery fish collected on the South Santiam River at Foster Dam will
be used in supplementation efforts in the South Santiam subbasin, excess fish
or eqgs from Minto Pond on the North Santiam River will be used in the North
Santiam subbasin, et cetera.

3. Cross transfers between subbasins will be discouraged, but may be
permitted in those subbasins that have historically exchanged fish or spawn
with some frequency (Table 5). However, the long-term goal of the fishery
managers is to eliminate subbasin cross transfers of "strains" of the
Willamette stock spring chinook.

Table 5. Potential for future cross transfers of "strains" of spring chinook
between subbasinsa of the Willamette River drainage based on records of past
transfers of fish and spawn.

Donor
stream

Clackamas

-

Clackamas

Receiver streamsa
North South Middle fork

Santiam Santiam Willamette

X

North Santiam

South Santiam

X

X

X

McKenzie X

M. Fk. Willamette X X X

a Although the McKenzie subbasin has often received fish and spawn from other
stations, current policy is to release only McKenzie stock spring chinook
back into the McKenzie drainage.

4. Only McKenzie stock spring chinook may be released into the McKenzie
River.
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5. The only exogenous stock of spring chinook currently cleared for
introduction into the Willamette basin is the Carson (Wind River,
Washington) spring chinook for use in the Coast Fork Willamette, in Fall
Creek (Middle Fork Willamette tributary), and in the North Santiam River
only. While several broods of Carson stock chinook were experimentally
released in to the basin, none have been used since the 1980 brood, and no
further releases are anticipated.

References for Task 1:14:

Oregon Department of Fish and Wildlife. Drafted, in process. Management
Concepts of the Comprehensive Plan for Production and Management of
Oregon's Anadromous Salmon and Trout. Part 1. General considerations.
Portland, Oregon, USA.

Oregon Department of Fish and Wildlife. 1974, revised 1976. Fish Stocking
Policy for Oregon.. Processed Report with Revision. Portland, Oregon,
USA.

Oregon Department of Fish and Wildlife. 1980a. Wild Fish Policy. General
Department Policies IN Manual of Policies and Procedures. Portland,
Oregon, USA.

-

Oregon Department of Fish and Wildlife. 1980b. Willamette Basin Fish
Management Plan. Portland, Oregon, USA.

Oregon Department of Fish and Wildlife. 1982. A Departmental Guide for
Introduction and Transfers of Finfish into Oregon Waters. Portland,
Oregon, USA.

Task 1.16

The purpose of this task is to provide an evaluation of Carmen-Smith
spawning channel. The spawning channel concept was a favorite of many fishery
agencies and hydropower developers in the 1960s. Theoretically, these
channels would take care of themselves and would provide holding, spawning,
and rearing areas in a seminatural environment. Several channels of varying
sizes were constructed throughout the Western United States, British Columbia,
and Alaska. Many of the larger channels in the main stem of the Columbia
River that were designed to support chinook, coho, and steelhead were later
converted into hatchery-supplementation facilities (CH2M Hill 1978). Reasons
for the general failure of large channels to automatically provide the desired
production appeared to center around problems with fish behavior (general lack
of "unique hydrological character" of the channels) and with suboptimal water
temperatures and diseases, which were often aggravated by the flow-through
serial design of the channels (personal communication during June 1984 with
V.W. Kaczynski, CH2M Hill, Corvallis, Oregon).

Eugene Water and Electric Board (EWEB) built Carmen-Smith spawning
channel in 1960 to replace spawning areas lost through construction of Trail
Bridge Dam on the upper McKenzie River. This 500-foot-long,  30-foot-wide
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artificial channel was designed to accomodate spawning of about 200 adult
spring chinook salmon (Figure 4).

Since its first use in 1961, peak count of chinook in the Carmen-Smith
Channel has been 169 adults in 1961 and in 1964 (Hagey 1968). Over time,
adult entry into the channel has declined progressively, apparently related
to declining salmon escapements into the upper McKenzie River (Figure 5).
Because only about one to two percent of the annual Leaburg Dam escapements of
spring chinook enter the Carmen-Smith Channel, the decline of upper McKenzie
chinook runs cannot be blamed on the failure of this facility.

For the relatively few chinook that reach Trail Bridge Dam, Carmen-Smith
spawning channel appears to provide an acceptable holding and spawning area.
From 1961 to 1970, fry-to-egg survival averaged 30.7%. Several year classes
of emergent fry were fin-clipped as they left the channel, and a few of these
marked fish returned as adults in subsequent years (EWEB, unpublished data).
Although the existing spawning channel provides some public relations benefits
to EWEB, we have no data to indicate that natural holding and spawning areas
are limited in the McKenzie River above Leaburg Dam.

Potential for use of the Carmen-Smith Spawning Channel in Conjunction
with Hatchery Operations: EWEB's upper McKenzie channel provides a
seminatural stream with controlled year round flow of 80-90 cfs of good
quality water. With some modifications of facilities and operations, these
physical circumstances provide several potentials for integration of use of
hatchery-excess salmonids:

1. Eggs could be introduced via Vibert boxes or hatchboxes to supplement the
existing low levels of natural spawning. The fry-trapping capability at the
downstream end of the channel could be used to monitor success of emergence.

2. Unfed fry could be released, but the natural rearing potential in the
channel proper is limited.

3. Presmolts could be released and with the addition of appropriate screening
and money for feeding, presmolts (fingerlings) could be retained in the
channel and fed to smolts as a hatchery-rearing program in a semi-natural
environment.

4. Smolts could be released and, with appropriate screening, the channel
could be used as an acclimation facility.

5. Adults could be held for spawning. With provision of appropriate
screening and watchmen, early transport of hatchery-excess adults could be
made without danger of post-release fallback. Fallback of spring chinook
adults before they are ready to spawn has been an observed in previous
adult-transport operations in the basin. Quality of water in the spawning
channel appears excellent for holding of adults during the critical June
through October period. Security provisions for held adults would be
mandatory.
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Figure  4. Schematic drawing of Camen-Smith  spawning
channel
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Figure 5. Adult counts at Leaburg Dam and Carmen-Smith spawning channel
for years of record, 1958-1984.
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Task 1.17

The purpose of this task is to examine existing harvest of Willamette
River spring chinook.

The best information regarding survival and harvest of hatchery-released
spring chinook smolts from Willamette River facilities has followed use of
coded-wire tags beginning in the mid-1970s. Since the.inception, sampling of
offshore catch for wire-tagged salmon has been much more systematic, and
opportunities for duplicated marks or missed marks during sampling has been
much reduced.

Based on Ad + CWT recoveries for completed broods of representative test
smolts from two Willamette chinook hatcheries, we saw substantial
between-brood variations in catch-to-escapement rates (Table 6). On the
average, it appears that Willamette spring chinook smolts will yield about two
adults to fisheries (catch) for each adult that returns to the hatchery
(escapement). Further, it appears that the typical brood might provide adults
in three approximately-equal parts: one-third to saltwater harvest, one-third
to freshwater harvest, and one-third to escapement.
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Table 6. Estimated recovery rates of representative groups of coded-wire
tagged spring chinook released from Willamette River hatcheries, 1974 to 1977
broods.

% Saltwater % Freshwater
Brood Hatchery

% Hatchery
fisheries fisheries return

1974 Oakridge-Dexter 23.1 44.0 32.9
1974 Oakridge-Dexter 35.2 36.7 28.1
1975 Oakridge-Dexter 29.3 36.9 33.8
1975 Oakridge-Dexter 17.6 29.4 52.9
1975 South Santiam 27.6 27.6 44.7
1975 South Santiam 29.7 39.3 31.0
1976 South Santiam 34.5 18.2 47.3
1976 South Santiam 47.1 18.4 34.5
1977 South Santiam 34.7 25.1 40.2
1977 South Santiam 49.3 31.7 19.0
1977 Oakridge-Dexter 28.6 26.0 45.4
1977 Oakridge-Dexter 26.2 26.5 47.3

Average over broods examined 32.5 29.6a 37.8

Observed range 17.6-49.3 18.2-44.0 19.0-52.9

a Lacks above-falls sport harvest data, thus this is a minimum estimated
freshwater fishery rate.

Willamette spring chinook are harvested in saltwater primarily north of
Oregon and in freshwater primarily in the lower Willamette River sport fishery
(Figure 6). Canadian fishermen take the majority of the saltwater catch.
Very few Willamette chinook are caught offshore of California or Oregon.

Objective 1.2

The second objective of this study was to identify methodology and
requirements for evaluation of test results.

Task 1.21

The purpose of this task is to describe experimental design.

The number of available test streams in the Willamette basin limits
evaluation of all desired stocking methods and densities. Thus, we will
attempt to level the densities of stocking, and limit stocking treatments to
those that might be most useful. Egg hatchboxes, which are considered a
stocking treatment, will not be evaluated. Salmon and Trout Enhancement
Program (STEP) experience indicates that, barring unforeseen water supply
problems, spring chinook hatchboxes in the Willamette Basin produce 80%
survival from green eggs to emergent fry (personal communication during June
1985 with Richard L. Berry, Oregon Department of Fish and Wildlife, Portland,
Oregon).
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Smolt releases were also considered as a stocking treatment. Limitations
of smolt releases in exploiting underseeded habitats and estimates of adult
return from typical smolt releases appear in Task 1.12, page 34.

Fishery managers have identified 16 streams in the Willamette basin that
are suitable for evaluation. We will use these streams to establish a
randomized block analysis design (Snedecor and Cochran 1967), grouping the 16
streams into four blocks according to their estimated productivity potential
(Table 7). Each of the four streams within each block will receive a random
treatment for evaluation. Treatments will be (1) gravid adult salmon, (2)
swimup fry from hatcheries, (3) lOO-500/lb short-fed presmolts, and (4) an
unstocked control stream. To level density effects, each treatment stream
will be stocked with approxmately equivalent units of adult salmon, unfed fry,
or presmolts from hatcheries. The first target densities will be based upon
the empirical productivity estimates for adult return provided by the district
fish biologists; however, rates of stocking will be adjusted by stream after
the first year of adult counts becomes available. The goal will be to make
effective use of available rearing productivity without overstocking.

Task 1.22

The purpose of this task is to estimate sampling effort required to
assure adequate sensitivity of statistical analyses.

Rearing density of juveniles is not an accurate predictor of adult return
(Solazzi et al. 1983). Fortunately, Willamette spring chinook can be
inventoried as adults in the streams of return, but this requires long-term
sampling, because each brood returns over a 5-year span.

Test streams will be stocked for four consecutive brood years (1986
through 1989 broods). All treatment and control streams will be surveyed for
adults twice each year from 1986 through 1995 (Table 8). During the first
survey, which will be conducted from 15 July to 15 August each year, we will
count adults. During the second annual survey, which will be conducted from
15 September to 15 October, we will count redds and collect scales or
vertebral centra to determine age class of spawners. Because full-sized
adults will not return from the 1986-brood stocking until 1990, stream surveys
conducted from 1986 to 1989 will provide baseline adult return data for
comparison purposes. Annual surveys of the four control streams will provide
similar data, and we can also compare adult return among the different types
of treatment streams. Differences in adult return among the treatments tested
will be determined by analysis of covariance, an approach recommended for
comparative types of study (Anderson et al. 1980). We will make use of
environmental data (total run size, escapements at dams, river conditions,
et.cetera) along with baseline adult densities (control stream counts,
baseline adult counts collected in 1986-1989) as covariates in the analyses.

Using methodology developed by Lichatowich and Cramer (1976), we
developed sensitivity curves that indicate we can detect minimum differences
of from 50% to 100% of the overall mean numbers of adult chinook in the test
streams (Figure 7). However, use of covariates to help explain
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Table 7. Willamette basin test streams with pertinent data.

Estimated
Production adult Maximum annual stock densitya

Stream class potential Fry Presmolt Adult Control

Little Fall Creek
Deer Creek
Butte Creek
N. Fork Clackamasb

Low
Low
Low
Low

75

ii 134,000
50

Hot Springs Fk Clackamasb Moderate 200
Table Rock Fk Molalla Moderate 100 167,000
North Fork Molalla Moderate 100
Gate Creek Moderate 200

Collowash River
Abiqua Creek
Thomas Creek
Crabtree Creekb

High
High
High
High

Calapooia River Excellent

300
300 500,000
300
300

400

45
46,000

X

X

91,000
120

180

273,000

240
Little N. Fk. Santiam Excellent 400 668,000
Horse Creek Excellent 400
Lost Creekb

364,000
Excellent 600

1,469,OOO 774,000 585

a To be adjusted by observed salmon populations.
b control.
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Table 8. Schematic for survey and stocking, Willamette basin supplementation study.

Brood
year
stocked 1986*

Age-class of adult return by survey year
1987* 15&s* 1YtJY IYYO 1991 1992 1993 1994 19YS

1986 .......................... X Age 3 Age 4 Age 5 Age 6 Sampling for
Second

1987  ................. X Age 3 Age 4 Age 5 Age 6 Generation
Effects

1988 ........................................... X Agee 3 Age 4 Age 5 Age 6

1989 ..................................................... X Age 3 Age 4 Age 5 Age 6

a stream sampling from 1986 to 1989 wilt provide baseline adult counts for use in calculating
treatment effects.



stream-to-stream variations unassociated with stocking treatments will
sensitivity of the analysis, but to an unknown degree.

Task 1.23

The purpose of this task is to give the details of the methods of
population sampling.

aid

Stream Surveys: Two teams of surveyors will be assembled: one team will
be assigned to the eight "north valley" streams and the other team will be
assigned to the eight "south valley" streams. The goal for each team will be
to completely survey each of their assigned streams twice each year; once in
the period 15 July-15 August, and again in the period 15 September-15
October. The early survey will count adults and the late survey will count
detail spawning success redds and collect scales and vertebral centra from
adults. Primary method of surveying will be snorkeling. Foot, boat, and
aerial surveys will be used when practical.

Electrofishing: This method probably will not be employed because adult
counts will be the parameter measured.

Weir Counts: Annual records will be kept of adult passage at Willamette
Falls, North Fork Dam, and Leaburg Dam for use as covariates in explaining
population variations.

Harvest: We will not intensively monitor harvest in the test and control
streams. Many of the test streams are small and closed to salmon angling, and
others receive but few adults in the legal salmon angling season, which
generally closes 15 July in tributary areas. Where appropriate we will report
catch by year from salmon catch cards (Hicks and Calvin 1964), but these data
are often delayed.

Task 1.24

The purpose of this task is to prepare a tentative budget for evaluating
outplants.

We estimated that conduct of the Phase 2 study including rearing and
release of test fish, sampling of adults in test and control streams, data
analyses, reporting, support services and administrative overview will require
approximately 39 person-months of labor annually from FYI986 through FY 1995:

Months/year labor

E. J. Wagner FWS-B 1
E. M. Smith FWB-3
J. C. Zakel FWB-2 E
W. H. Day FWT-3
Vacant (4) EBA-1
Vacant
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We project the first year of operation will require a total budget of
$138,438, which includes approximately $5,000 in initial capital expenses
(microcomputer and wet suits). A detailed budget projection has been provided
to BPA.
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SUMMARY OF EXPENDITURES

Expenditures for Phase I (Literature Review and Project Development) of
this study totalled the estimated budget sum $29,323. A copy of the original
contract is in Appendix A.

These funds were expended as indicated in the budget proposal, without
purchase of capital or "sensitive" items.
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APPENDIX A

Contract #DE-A17g-85BP23109
Project/Task Order #85-68

Original
Contract

2-4-0-710-08-01/E. Wagner1
Willamette Spawning study

Personal Services
Federal Funds
Wildlife Funds
General Funds
Misc. Funds

Total

Services/Supplies
Federal Funds
Wildlife Funds
General Funds
Misc. Funds

Total

Capital Outlay
Federal Funds
Wildlife Funds
General Funds
Misc. Funds

Total

Admin. Overhead
Federal Funds
Wildlife Funds
General Funds
Misc. Funds

Total

Total

$20,485.00
--
--

$20,485.00

$ 3,335.00
--
--
- -

- -
- -
- -
- -

$ 5,483.OO
--
--

$ 5,483.oo

$29,323.00

-46-



APPENDIX B

Supplementation Literature

Adelman, H.M., and J.L. Bingham. 1955. Winter survival of
hatchery-reared and native brook trout. Progressive
Fish-Culturist 17:177-180.

Alderdice, D.F., R.A. Barns, and F.P.J. Velsen. 1977. Factors
affecting deposition, development, and survival of salmonid
eggs and alevins: a bibliography, 1965-1975. Department of
Fisheries and the Environment, Fisheries and Marine Service,
Technical Report 743,,0ttawa, Canada.

Allen, K.R. 1951.a. The Horokiwi Stream: A study of a trout
population. New Zealand Marine Department, Fishery Bulletin
10, Wellington, New Zealand.

Allen, K.R. 1962b. The natural regulation of population in the
Salmonidae. New Zealand Science Review 20:58-62.

Allen, K.R. 1969. Distinctive aspects of the ecology of stream
fishes: a review. Journal of the Fisheries Research Board
of Canada 26:1429-1438.

Allen, K.R. 1969. Limitations in production in salmonid
populations in streams. Pages 3-20 in T.G. Northcote,
editor. Symposium on salmon and trout in streams. H.R.
MacMillan Lectures in Fisheries, University of British
Columbia, Vancouver, Canada.

Allen, R.L., K. Bauersfeld, T.J. Burns, L.R. Cowan, S.P. Jenks,
D.D. King, J.E. Seeb, A.R. Bergh, and D.I. Stuckey. 1981.
Salmon natural production enhancement program, 1980 to 1981.
Washington Department of Fisheries, Progress Report 149,
Olympia, Washington, USA.

Allen, R.L., K. Bauersfeld, L.R. Cowan, T. Burns, and D.A.
Wilson. 1980. Salmon natural production enhancement
program, 1976 to 1978. Washington Department of Fisheries,
Progress Report 105, Olympia, Washington, USA.

Allen, R.L., K. Bauersfeld, L.R. Cowan, S.P. Jenks, D.D. King,
J.E. Seeb, A.R. Bergh, T.J. Burns, and D.I. Stuckey. 1981.
Salmon natural production enhancement program, 1979 to 1980
season. Washington Department of Fisheries, Progress Report
136, Olympia, Washington, USA.

-47-



Allen, R.L., and L.R. Cowan. 1977. Salmon egg incubation box
program 1976-1977 season. Washington Department of
Fisheries, Progress Report 29, Olympia, Washington, USA.

Allen, R.L., and L.R. Cowan. 1978. Salmon egg incubation box
program, 1977-1978 season. Washington Department of
Fisheries, Progress Report 73, Olympia, Washington, USA.

Anadromous Salmonid Environmental Task Force. 1979. Freshwater
habitat, salmon produced, and escapements for natural
spawning along the Pacific coast of the U.S. Pacific
Fishery Management Council, Portland, Oregon, USA.

Anderson, J.W. 1984.. A method for monitoring and evaluating
salmonid habitat carrying capacity of natural and enhanced
Oregon coastal streams. United States Bureau of Land
Management, Coos Bay District, Coos Bay, Oregon, USA.

,

Ayles, G.B. 1973. Comparative growth and survival of matched
plantings of wild and domestic rainbow trout in prairie
potholes. Fisheries Research Board of Canada, Technical
Report 382, Nanaimo, Canada.

Bailey, J.E., and W.R. Heard. 1973. An improved incubator for
salmonids and resulting preliminary tests of its use.
National Oceanographic and Atmospheric Administration,
Technical Memorandum NMFS ABFL-1, Washington, District of

 Columbia, USA.

Bailey, J.E., J.J. Pella, and S.G. Taylor. 1976. Production of
fry and adults of the 1972 brood of pink salmon,
Onchorhynchus gorbuscha, from gravel incubators and
natural spawning at Auke Creek, Alaska. Fishery Bulletin
74:961-971.

Bailey, J.E., and S.G. Taylor. 1974. Salmon fry production in a
gravel incubator hatchery, Auke Creek, Alaska, 1971-72.
National Oceanographic and Atmospheric Administration,
Technical Memorandum NMFS ABFL-3, Washington, District of
Columbia, USA.

Bailey, J.E., and S.G. Taylor. 1974. Plastic turf substitute
for gravel in salmon incubators. Marine Fisheries Review
36(10):35-38.

Barns, R.A. 1967. Differences in performance of naturally and
artificially propagated sockeye salmon migrant fry, as
measured with swimming and predation tests. Journal of the
Fisheries Research Board of Canada 24:1117-1153.

Barns, R.A. 1969. Adaptations in sockeye salmon associated with
incubation in stream gravels. Pages 78-88 in T.G.
Northcote, editor. Symposium on salmon and trout in
streams. H.R. MacMillan Lectures in Fisheries, University
of Britsh Columbia, Vancouver, Canada.

-48-



Barns, R.A. 1970. Evaluation of a revised hatchery method tested
on pink and chum salmon fry. "Journal of the Fisheries
Research Board of Canada 27:1429-1452.

Barns, R.A. 1972. Evaluation of Barns-box hatchery on Tsolum
River pink salmon. Alaska Department of Fish and Game
Information Leaflet 161:52-54.

Barns, R.A. 1972. A quantitative evaluation of survival to the
adult stage and other characteristics of pink salmon
(Oncorhynchus gorbuscha) produced by a revised hatchery
method which simulates optimal natural conditions. Journal
of the Fisheries Research Board of Canada 29:1151-1167.

Barns, R.A. 1973. Evaluation of gravel incubators on first
hatchery generation Tsolum River pink salmon, 1970-72. Part
I: Evaluation at the'fry stage. Fisheries Research Board
of Canada, Technical Report 364, Ottawa, Canada.

Barns, R.A. 1974. Gravel incubators: A second evaluation on
pink salmon, Oncorhynchus gorbuscha, including adult
returns. Journal of the Fisheries Research Board of Canada
31:1371-1385.

Barns, R.A. 1976. Survival and propensity for homing as affected
by presence or absence of locally adapted paternal genes in
two transplanted populations of pink salmon (Oncorhynchus
gorbuscha). Journal of the Fisheries Research Board of
Canada 33:2716-2725.

Barns, R.A., and D.G. Crabtree. 1976. A method for pink salmon
propagation: The Headquarters Creek experimental hatchery
1968-1974. Department of the Environment, Fisheries and
Marine Service, Research and Development Directorate,
Technical Report 627, Ottawa, Canada.

Barns, R.A., and K.S. Simpson. 1977. Substrate incubators
workshop--1976: report on current state-of-the-art.
Department of the Environment, Fisheries and Marine Service,
Research and Development Directorate, Technical Report 689,
Ottawa, Canada.

Becker, C.D. 1973. Food and growth parameters of juvenile
chinook salmon, Oncorhynchus tshawytscha, in central
Columbia River. Fishery Bulletin 71:387-400.

Binns, N.A., and F.M. Eiserman. 1979. Quantification of fluvial
trout habitat in Wyoming. Transactions of the American
Fisheries Society 108:215-228.

-49-



Bisson, P.A., J.L. Nielson, R.A. Palmason, and L.E. Grove. 1982.
A system of naming habitat types in small streams, with
examples of habitat utilization by salmonids during low
streamflows. Pages 62-73 in N.B. Armantrout, editor.
Proceedings of a symposium- Acquisition and utilization of
aquatic habitat inventory information. American Fisheries
Society, Bethesda, Maryland, USA.

Bjornn, T.C. 1968. Salmon and steelhead investigations: Embryo
survival and emergence studies. Pages 23-25 in Idaho
Department of Fish and Game, Project F-49-R-5,Job 6,
Completion Report, Boise, Idaho, USA.

Bjornn, T.C. 1968. Salmon and steelhead investigations:
Spawning and emergence of chinook salmon a s  related to
temperature. Pages 26-29 in Idaho Department of Fish and
Game, Project F-49-R-5, Job8, Completion Report, Boise,
Idaho, USA.  

Bjornn, T.C. 1969. Salmon and steelhead investigations: Embryo
survival and emergence studies. Pages 33-41 in Idaho
Department of Fish and Game, Project F-49-R-byJob 6,
Completion Report, Boise, Idaho, USA.

Bjornn, T.C. 1969. Salmon and steelhead investigations:
Spawning and emergence of chinook salmon as related to
temperature. Pages 42-51 in Idaho Department of Fish and
Game, Project F-49-R-b, Job 8, Completion Report, Boise,
Idaho, USA.

Bjornr., T.C. 1969. Salmon and steelhead investigations: Embryo
survival and emergence studies. Pages l-11 in Idaho
Department of Fish and Game, Project F-49-R-T Job 5,
Completion Report, Boise, Idaho, USA.

Bjornn, T.C. 1969. Salmon and steelhead investigations:
Spawning and emergence of chinook salmon a s  related to
temperature. Pages 12-16 in Idaho Department of Fish and
Game, Project E-49-R-7, Job 7, Completion Report, Boise,
Idaho, USA.

Bjornn, T.C. 1971. Trout and salmon movements in two Idaho
streams as related to temperature, food, streamflow, cover,
and population density. Transaction of the American
Fisheries Society 100:423-438.

Bjornn, T.C. 1977. Wild fish production and management. Pages
65-71 in Columbia River salmon and steelhead. American
Fisheries Society Special Publication 10, Washington,
District of Columbia, USA.

-50-



Bjornn, T.C. 1978. Survival, production, and yield of trout and
chinook salmon in the Lemhi River, Idaho. University of
Idaho, College of Forestry, Wildlife and Range Sciences
Bulletin 27, Moscow, Idaho, USA.

Bowler, V.L. 1972. A comparison of salmonid production between
allopatric and sympatric populations in an Idaho stream.
Master's thesis. University of Idaho, Moscow, Idaho, USA.

Burck, W.A. 1974. Growth of juvenile spring chinook salmon in
Lookingglass Creek. Fish Commission of Oregon Research
Report 3:37-43.

Burck, W.A., R.B. Lindsay, B.J. Smith, and E.A. Olsen. 1979.
Spring chinook studies in the John Day River. Oregon
Department of Fish and Wildlife, Fish Research Project
DE-AC79-80BPl8234, Annual Progress Report, Portland, Oregon,
USA.

Burck, W.A., R.B. Lindsay, B.J. Smith, and E.A. Olsen. 1980.
Spring chinook studies in the John Day River. Oregon
Department of Fish and Wildlife, Fish Research Project
DE-AC79-80BP18234, Annual Progress Report, Portland, Oregon,
USA.

Burck, W.A., and P.E. Reimers. 1978. Temporal and spatial
distribution of fall chinook salmon spawning in Elk River.
Oregon Department of Fish and Wildlife, Information Reports
(Fish) 78-3, Portland, Oregon, USA.

Burns, J.W. 1971. The carrying capacity for juvenile salmonids
in some northern California streams. California Fish and
Game 57:44-57.

Burrows, R.E. 1969. The influence of fingerling quality on
adult salmon survivals. Transactions of the American
Fisheries Society 98:777-784.

Cameron, W.M. 1968. A preliminary investigation of the natural
spawning, incubation, and alevinage of the pink salmon
(Oncorhynchus gorbuscha). Fisheries Research Board of
Canada, Manuscript Report 995, Nanaimo, Canada.

Chapman, D.W. 1962. Aggressive behavior in juvenile coho salmon
as a cause of emigration. Journal of the Fisheries Research
Board of Canada 19:1047-1080.

Chapman, D.W. 1965. Net production of juvenile coho salmon in
three Oregon streams. Transactions of the American
Fisheries Society 94:40-52.

-51-



Chapman, D.W. 1966. Food and space as regulators of salmonid
populations in streams. American Naturalist 100:345-357.

.

Chilcote, M.W., S.A. Leider, and J.J. Loch. 1982. Kalama River
salmonid studies, 1981 progress report. Washington State
Game Department, Fishery Research Report 82-4, Olympia,
Washington, USA.

Chilcote, M.W., S.A. Leider, and J.J. Loch. 1984. Kalama River
salmonid studies. Washington State Game Department,
Fisheries Management Division 84-5, Olympia, Washington,
USA.

Clady, M.D. 1973. A competition and fish cultural study of
rainbow trout--a literature review. Oregon State Game
Commission, Fish Research Project F-94-R-1, Job Final
Report, Portland, Oregon, USA.

Coastal Rivers Investigations. 1954. Triangle Lake silver
planting experiment. Fish Commission of Oregon, Special
Report, Portland, Oregon, USA.

Coburn, A., and P. McCart. 1967. A hatchery release tank for
pink salmon fry with notes on behavior of the fry in the
tank and after release. Journal of the Fisheries Research
Board of Canada 24:77-85.

Conrad, J.F. 1965. Observations on 'bad eggs' in Columbia River
fall chinook salmon. Progressive Fish-Culturist 27:42-44.

Crawford, B.A., R. Pettit, and R. Clattin. 1984. A study of
juvenile steelhead densities and biomass in the Wind and E.
F. Lewis rivers. Washington Department of Game, Olympia,
Washington, USA. (Unpublished manuscript.)

Cushing, D.H. 1974. The possible density-dependence of larval
mortality and adult mortality in fishes. Pages 103-111 in
J.H.S. Blaxter, editor. The early life history of fish.-
Springer-Verlag, New York, New York, USA.

D.W. Kelly and Associates. 1982. Ecological investigations on
the Tucannon River, Washington. United States Soil
Conservation Service, Spokane, Washington, USA.

Diamond, J., and H.J. Pribble. 1978. A review of factors
affecting the seaward migration and survival of juvenile
salmon in the Columbia River and ocean. Oregon Department
of Fish and Wildlife, Information Reports (Fish) 78-7,
Portland, Oregon, USA.

Dickson, T.A., and H.R. MacCrimmon. 1982. Influence of hatchery
experience on growth and behavior of juvenile Atlantic
salmon (Salmo salar) within allopatric and sympatric
stream populations. Canadian Journal of Fisheries and
Aquatic Sciences 39:1453-1458.

-52-



Diggs, D.H. 1979. Anadromous fish study, Warm Springs Indian
Reservation, 1977-79. United States Fish and Wildlife
Service, Fisheries Assistance Office, Vancouver, Washington,
USA.

Dill, L.M., and T.G. Northcote. 1970. Effects of some
environmental factors on survival, condition, and timing of
emergence of chum salmon fry (Oncorhynchus keta). Journal
of the Fisheries Research Board of Canada 27:196-201.

Dill, L.M., and T.G. Northcote. 1970. Effects of gravel size,
egg depth, and egg density on intragravel movement and
emergence of coho salmon (Oncorhynchus kisutch) alevins.
Journal of the Fisheries Research Board of Canada
27:1191-1199.

Dill, P.A. 1977. Development of behavior in alevins of Atlantic
salmon, Salmo salar,. and rainbow trout, S. gairdneri.
Animal Behavior 25:116-121.

-

Dryagin, P.A. 1968. The problem of vitality of fish species.
Fisheries Research Board of Canada Translation Series 963,
Ottawa, Canada.

Ebel, W.J. 1970. Effect of release location on survival of
juvenile fall chinook salmon, Oncbrhynchus  tshawytscha.
Transactions of the American Fisheries Society 99:672-676.

Ebel, W.J., D.L. Park, and R.C. Johnsen. 1973. Effects of
transportation on survival and homing of Snake River chinook
salmon and steelhead trout. Fishery Bulletin 71:549-563.

Edie, B.G., and S.B. Mathews. 1976. A progress report on fry
planting experiments conducted in the Clearwater River
basin. Idaho Department of Fish and Game, Boise, Idaho,
USA. (Unpublished manuscript.)

Eipper, A.W. 1963. Effect of hatchery rearing conditions on
stream survival of brown trout. Transactions of the
American Fisheries Society 92:132-139.

Ellis, C.H. 1957. Rearing methods and return of fall-migrating
chinook salmon. Transactions of the American Fisheries
Society 87:132-138.

Ellis, R.J. 1969. Return and behavior of adults of the first
filial generation of transplanted pink salmon, and the
survival of their progeny, Sashin Creek, Baranof Island,
Alaska. United States Fish and Wildlife Service ,Special
Scientific Report--Fisheries 589, Washington, District of
Columbia, USA.

-53-



Emadi, H. 1973. Yolk-sac malformation in Pacific salmon in
relation to substrate, temperature, and water velocity.
Journal of the Fisheries Research Board of Canada
30:1249-1250.

Everest, F.H., and D.W. Chapman. 1972. Habitat selection and
spatial interaction by juvenile chinook salmon and steelhead
trout in two Idaho streams. Journal of the Fisheries
Research Board of Canada 29:91-100.

Everest, F.J., and J.K. Sedell. 1983. Evaluation of fisheries
enhancement projects on Fish Creek and Wash Creek, 1982 and
1983. United States Forest Service, Forestry Sciences
Laboratory, Corvallis, Oregon, USA. (Unpublished
manuscript.)

Fenderson, O.C., and M.R. Carpenter. 1971. Effects of crowding
on the behavior of juvenile hatchery and wild land locked
Atlantic Salmon. Behavior 19:439-447.

Fenderson, O.C., W.H. Everhart, and K.M. Muth. 1968.
Comparitive agonistic and feeding behavior of
hatchery-reared and wild salmon in aquaria. Journal of the
Fisheries Research Board of Canada 25:1-14.

Fish Commission of Oregon. 1963. Annual progress report. Fish
Commission of Oregon, Portland, Oregon, USA.

Flick, W.A., and D.A. Webster. 1964. Comparative first year
survival and production in wild and domestic strains of
brook trout, Salvelinus fontinalis. Transactions of the'
American Fisheries Society 93:58-,69.

Foerster, R.E. 1932. A comparison of' natural and artificial
propagation of salmon. Transactions of the American
Fisheries Society 61:121-130.

Foerster, R.E. 1935. Fry production from eyed-egg planting.
Transactions of the American Fisheries Society 64:379-381.

Fowler, L.G. 1972. Growth and mortality of fingerling chinook
salmon as affected by egg size. Progressive Fish-Culturist
34:66-69.

Fraser, F.J. 1969. Population density effects on survival and
growth of juvenile coho salmon and steelhead trout in
experimental stream channels. Pages 253-266 in T.G.
Northcote, editor. Symposium on salmon and trout in
streams. H.R. MacMillan Lectures in Fisheries, University
of Britsh Columbia, Vancouver, Canada.

-54-



Gamblin, M.S. 1984. An evaluation of habitat/biomass models for
the management of salmon and steelhead in Idaho. United
States Fish and Wildlife Service, Dworshak Fisheries
Assistance Office, Ahsahka, Idaho, USA. (Unpublished
manuscript.)

Gangmark, H.A., and R.G. Bakkala. 1960. A comparative study of
unstable and stable (artificial channel) spawning streams
for incubating king salmon at Mill Creek. California Fish
and Game 46:151-164.

Gangmark, H.A., and R.D. Broad. 1956. Further observations on
stream survival of king salmon spawn. California Fish and
Game 42:37-49.

Gee, A.S. N.G. Milner, and R.J. Hemsworth. 1978. The effect of
density on mortality in juvenile Atlantic salmon (Salmo
salar ) .  Journal of Ahimal Ecology 47:497-505.

Giger, R.D. 1973. Streamflow requirements for salmonids.
Oregon Wildlife Commission, Project AFS 62-1, Final Report,
Portland, Oregon, USA.

Ginetz, R.M.J. 1972. Sockeye egg-to-fry mortality in the Fulton
River spawning channels. Fisheries Research Board of
Canada, Pacific Region Technical Report 10, Vancouver,
Canada.

Godin,, J.-G.J. 1980. Temporal aspects of juvenile pink salmon
(Oncorhynchus gorbuscha Walbaum) emergence from a
simulated gravel redd. Canadian Journal of Zoology
58:735-744.

Goodnight, W.H. 1970. Fish production in two streams in Idaho.
Master's thesis. University of Idaho, Moscow, Idaho, USA.

Goodnight, W.H., and T.C. Bjornn. 1971. Fish production in two
streams in Idaho. Transactions of the American Fisheries
Society 100:769-780.

Grits, W.J., and D.E. Stevens. 1971. Factors influencing
migration of chinook salmon fry (Oncorhynchus tshawytscha)
in the Sacramento River near Pittsburg. California
Department of Fish and Game, Anadromous Fish Administrative
Report 71-13, Sacramento, California, USA.

Hall, J.D., and C.O. Baker. 1982. Rehabilitating and enhancing
stream habitat: 1. Review and evaluation. Series 12 in
W.R. Meehan, editor. 'Influence of forest and rangeland
management on anadromous fish habitat in western North
America. United States Forest Service, General Technical
Report PNW-138, Portland, Oregon, USA.

-55-



Harrison, C.W. 1923. Planting eyed salmon and trout eggs.
Transactions of the American Fisheries Society 53:191-200.

Hartman, G.F. 1965. The role of behavior in the ecology and
interaction of underyearling coho salmon (Oncorhynchus
kisutch) and steelhead trout (Salmo gairdneri). Journal
of the Fisheries Research Board of Canada 22:1035-1081.

Havey, K.A., and R.M. Davis. 1970. Factors influencing standing
crops and survival of juvenile salmon at Barrows Stream,
Maine. Transactions of the American Fisheries Society
99:297-311.

Heard, W.R. 1978. Probable case of streambed overseeding--1967
pink salmon, Oncorhynchus gorbuscha, spawners and survival
of their progeny in Sashin Creek, southeastern Alaska.
Fishery Bulletin 76:569-582.

Hedgepeth, J.W. 1941. Livingston Stone and fish culture in
California. California Fish and Game 27:126-148.

Herring, M.L., and J.W. Nicholas. 1983. Juvenile life history
of wild chinook salmon in coastal watersheds. Oregon
Department of Fish and Wildlife, Portland, Oregon, USA.
(Unpublished draft.)

Horner, N., and T.C. Bjornn. 1976. Survival, behavior, and
density of trout and salmon fry in streams. University of
Idaho, Forestry, Wildlife, and Range Experiment Station
Contribution 56, Moscow, Idaho, USA.

Hostick, G.A., and A.M. McGie. 1974. Growth and survival of
juvenile coho salmon introduced into Floras Lake, Oregon.
Fish Commission of Oregon, Information Report 73-9,
Portland, Oregon, USA.

Irving, J.S., B. Shepard, T.C. Bjornn, N. Horner, and R.R. Ringe.
1983. Fish resources in the Gospel-Hump area of central
Idaho and potential impacts of forest management activities.
University of Idaho, Idaho Cooperative Fisheries Research
Unit, Final Report Supplement 96, Moscow, Idaho, USA.

Ishida, T., T. Ohata, K. Ishigaka, K. Sasaki, and K. Maekawa.
1973. Studies on the planting of hatchery-cultured masu
salmon fry into streams. V. An observation on dispersal
and residual of juveniles in the Pankenai-Kawa. Scientific
Report of the Hokkaido Salmon Hatchery 27:11-16.

Ishida, T., T. Tanaka, K. Kochi, M. Kunda, and N. Yoshida. 1973
Studies on the planting of hatchery-cultured masu salmon
fry into streams. III. Observations on dispersal and
residual of juveniles in the Mesa River and its tributaries
results in 1971 and 1972. Scientific Report of the
Hokkaido Salmon Hatchery 27:1-10.

-56-



Jensen, A.L. 1971. Homing of transplanted coho salmon.
Progressive Fish-Culturist 33:216-218.

.I

Jochimsen, W., and G. Bedell. 1968. Malformed yolk sacs
observed in chinook salmon fry during tests of barrel-type
incubators. Progressive Fish-Culturist 30:227-229.

Johnson, H.E., end R.F. Brice. 1953. Effect of transportation
of green eggs, and of water temperature during incubation on
the mortality of chinook salmon. Progressive Fish-Culturist
15:104-108.

Johnson, H.E., end A.C. Gastineau. 1952. A comparison of the
growth of fingerling chinook salmon reared in ponds,
troughs, and circular tanks. Progressive Fish-Culturist
14:76-78.

Johnson, J.H. 1980. Production and growth of subyearling coho
salmon (Oncorhynchus kisutch), chinook salmon
(Oncorhynchus tschawytscha), and steelhead (Salmo
gairdneri), in Orwell Brook, a tributary of Salmon River,
New York. Fishery Bulletin 78:549-554.

Johnson, S.L., R.D. Ewing, and J.L. Lichatowich. 1977.
Characterization of gill (Na+K)- activated adenosine
triphosphate from chinook salmon, Oncorhynchus
tshawytscha. Journal of Experimental Zoology 199: 345-354.

Jonasson, B.C., and R.B. Lindsey. 1983. An ecological and fish
cultural study of Deschutes River salmonids. Oregon
Department of Fish and Wildlife, Fish Research Project
F-88-R-13, Annual Progress Report, Portland, Oregon, USA.

Junge, C.O., Jr., and L.A. Phinney. 1963. Factors affecting the
return of fall chinook to Spring Creek Hatchery. United
States Fish end Wildlife Service, Special Scientific
Report--Fisheries 445, Washington, District of Columbia,
USA.

Kalleberg, H. 1958. Observations in a stream tank of
territoriality and competition in juvenile salmon and trout
(Salmon salar L. and S. trutta L.) Institute of
Freshwater Research Drottningholm Report 39:55-98.

Kanid'Yev, A.N. 1969. Some hematological features in the young

ortance for the assessment
of the Siberian salmon (Oncorhynchus keta infrasp
autumnalis Berg) and their imp
of the quality of the young and rearing conditions.
Problems in Ichthyology 9:289-292.

Kapuscinski, A. 1980. In search of the optimum stocking density
for chum salmon (Oncorhynchus keta) eggs in shallow matrix
substrate incubators. Master's thesis. Oregon State
University, Corvallis, Oregon, USA.

-57-



Kolesnik, Y.A. 1973. Some problems connected with determination
of t h e total annual mortality coefficient in fish.
Fisheries Research Board of Canada Translation Series 2581,
Ottawa, Canada.

Koski, K.V. 1972. A summary of the spawning channel research by
FRI as related to the effects of gravel composition and
spawner density success, emergence survival, and fry
quality. Alaska Department of Fish and Game Information
Leaflet 161:84-90.

Koski, K.V., and E.O. salo. 1968. Measurement of spawning
success of chum salmon utilizing natural and controlled
spawning areas at Big Beef Creek. Pages l-18 in 1967-68
annual report of the University of Washington Fisheries
Research Institute. University of Washington, Seattle,
Washington, USA.

Kostarev, V.L. 1973. Influence of some climatic factors on
efficiency of natural reproduction of okhotsk salmon.
Fisheries Research Board of Canada Translation Series 2428,
Ottawa, Canada.

Kostarev, V.L. 1973. Variation of survival of Okhotsk keta.
Fisheries Research Board of Canada Translation Series 2536,
Ottawa, Canada.

Krogius, F.V. 1962. On the relation between rate of growth and
population density in sockeye salmon. Fisheries Research
Board of Canada Translation Series 411, Ottawa, Canada.

Lander, R.H., and K.A. Henry. 1973. Survival, maturity,
abundance and marine distribution of 1965-66 brood coho
salmon, Oncorhynchus kisutch, from Columbia River
hatcheries. Fishery Bulletin 71:679-695.

Lannan, J.E. 1975. Netarts chum salmon hatchery, en experiment
in ocean ranching. Oregon State University, Sea Grant
Program Publication ORESIJ-H-75-001, Corvallis, Oregon, USA.

Larkin, P.A. 1956. Interspecific competition and population
control in  freshwater fish. Journal of the Fisheries
Research Board of Canada 13:327-342.

Lear, W.H. 1975. Evaluation of the transplant of Pacific pink
salmon (Oncorhynchus gorbuscha) from British Columbia to
Newfoundland. Journal of the Fisheries Research Board of
Canada 32:2343-2356.

Leon, K.A., end W.A. Bonney. 1979. Atlantic salmon embryos and
fry: Effects of various incubation and rearing methods on
hatchery survival and growth.
41:20-25.

Progressive Fish-Culturist

-58-



Jensen, A.L. 1971. Homing of transplanted coho salmon.
Progressive Fish-Culturist 33:216-218.

. 

Jochimsen, W., and G. Bedell. 1968. Malformed yolk sacs
observed in chinook salmon fry during tests of barrel-type
incubators. Progressive Fish-Culturist 30:227-229.

Johnson, H.E., and R.F. Brice. 1953. Effect of transportation
of green eggs, and of water temperature during incubation on
the mortality of chinook salmon. Progressive Fish-Culturist
15:104-108.

Johnson, H.E., and A.C. Gastineau. 1952. A comparison of the
growth of fingerling chinook salmon reared in ponds,
troughs, and circular tanks. Progressive Fish-Culturist
14:76-78.

Johnson, J.H. 1980. Production and growth of subyearling coho
salmon (Oncorhynchus kisutch), chinook salmon
(Oncorhynchus tschawytscha), and steelhead (Salmo
gairdneri), in Orwell Brook, a tributary of Salmon River,
New York. Fishery Bulletin 78:549-554.

Johnson, S.L., R.D. Ewing, and J.L. Lichatowich. 1977.
Characterization of gill (Na+K)- activated adenosine
triphosphate from chinook salmon, Oncorhynchus
tshawytscha. Journal of Experimental Zoology 199: 345-354.

Jonasson, B.C., and R.B. Lindsay. 1983. An ecological and fish
cultural study of Deschutes River salmonids. Oregon
Department of Fish and Wildlife, Fish Research Project
F-88-R-13, Annual Progress Report, Portland, Oregon, USA.

Junge, C.O., Jr., and L.A. Phinney. 1963. Factors affecting the
return of fall chinook to Spring Creek Hatchery. United
States Fish and Wildlife Service, Special Scientific
Report--Fisheries 445, Washington, District of Columbia,
USA.

Kalleberg, H. 1958. Observations in a stream tank of
territoriality and competition in juvenile salmon and trout
(Salmon salar L. and S. trutta L.) Institute of
Freshwater Research Drottningholm Report 39:55-98.

Kanid'Yev, A.N. 1969. Some hematological features in the young
of the Siberian salmon (Oncorhynchus keta infrasp
autumnalis Berg) and their importance for the assessment
of the quality of the young and rearing conditions.
Problems in Ichthyology 9:289-292.

Kapuscinski, A. 1980. In search of the optimum stocking density
for chum salmon (Oncorhynchus keta) eggs in shallow matrix
substrate incubators. Master's thseis. Oregon State
University, Corvallis, Oregon, USA.

-57-



Kolesnik, Y.A. 1973. Some problems connected with determination
of the total annual mortality coefficient in fish.
Fisheries Research Board of Canada Translation Series 2581,
Ottawa, Canada.

Koski, K.V. 1972. A summary of the spawning channel research by
FRI as related to the effects of gravel composition and
spawner density success, emergence survival, and fry
quality. Alaska Department of Fish and Game Information
Leaflet 161:84-90.

Koski, K.V., and E.O. salo. 1968. Measurement of spawning
success of chum salmon utilizing natural and controlled
spawning areas at Big Beef Creek. Pages l-18 in 1967-68
annual report of the University of Washington Fisheries
Research Institute. University of Washington, Seattle,
Washington, USA.

Kostarev, V.L. 1973. Influence of some climatic factors on
efficiency of natural reproduction of okhotsk salmon.
Fisheries Research Board of Canada Translation Series 2428,
Ottawa, Canada.

Kostarev, V.L. 1973. Variation of survival of Okhotsk keta.
Fisheries Research Board of Canada Translation series 2536,
Ottawa, Canada.

Krogius, F.V. 1962. On the relation between rate of growth and
population density in sockeye salmon. Fisheries Research
Board of Canada Translation Series 411, Ottawa, Canada.

Lander, R.H., and K.A. Henry. 1973. Survival, maturity,
abundance and marine distribution of 1965-66 brood coho
salmon, Oncorhynchus kisutch, from Columbia River
hatcheries. Fishery Bulletin 71:679-695.

Lannan, J.E. 1975. Netarts chum salmon hatchery, an experiment
in ocean ranching. Oregon State University, Sea Grant
Program Publication ORESU-H-75-001, Corvallis, Oregon, USA.

Larkin, P.A. 1956. Interspecific competition and population
concrol‘in freshwater fish. Journal of the Fisheries
Research Board of Canada 13:327-342.

Lear, W.H. 1975. Evaluation of the transplant of Pacific pink
salmon (Oncorhynchus gorbuscha) from British Columbia to
Newfoundland. Journal of the Fisheries Research Board of
Canada 32:2343-2356.

Leon, K.A., and W.A. Bonney. 1979. Atlantic salmon embryos and
fry: Effects of various incubation and rearing methods on
hatchery survival and growth. Progressive Fish-Culturist
41:20-25.

-58-



Lindsay, R.B., B.J. Smith, and E.A. Olsen. 1981. Spring chinook
studies in the John Day River. Oregon Department of Fish
and Wildlife, Fish Research.Project DE-AC79-80BP18234,
Annual Progress Report, Portland, Oregon, USA.

Lister, D.B., and H.S. Genoe. 1970. Stream habitat utilization
by cohabiting underyearlings of chinook and coho salmon in
the Big Qualicum River, British Columbia. Journal of the
Fisheries Research Board of Canada 27:1215-1224.

Lister, D.B., and C.E. Walker. 1966. The effect of flow control
on freshwater survival of chum, coho, and chinook salmon in
the Big Qualicum River. Canadian Fish Culturist 37:3-25.

Lister, D.B., C.E. Walker, and M.A. Giles. 1971. Cowichan River
chinook salmon escapements and juvenile production,
1965-1967. Fisheries Research Board of Canada, Pacific
Region Technical Report 1971-3, Vancouver, Canada.

Mabbot, L.B. 1982. Density and habitat of wild and introduced
juvenile steelhead trout in the Lochsa River drainage,
Idaho. Master's thesis. University of Idaho, Moscow,
Idaho, USA.

Maciolek, K. 1979. Eastern Oregon habitat study. Oregon
Department of Fish and Wildlife, Fish Research Project
79-ABC-00113, Final Report, Portland, Oregon, USA.

MacKinnon,  D. 1960. A successful transplant of salmon eggs in
the Robertson Creek spawning channel. Canadian Fish
Culturist 27:25-31.

MacKinnon,  D., L. Edgeworth, and R.E. McLaren. 1961. An
assessment of Jones Creek spawning channel, 1954-1961.
Canadian Fish Culturist 30:3-14.

Major, R.L., and J.L. Mighell. 1969. Egg-to-migrant survival of
spring chinook salmon (Oncorhynchus tschawytscha) in the
Yakima River, Washington. Fishery Bulletin 67:347-359.

Maltzeff, E.M., and P.D. Zimmer. 1963. Fall chinook salmon
returns to hatcheries in the Bonneville Dam pool area,
1945-1960. United States Fish and Wildlife Service, Special
Scientific Report--Fisheries 437, Washington, District of
Columbia, USA.

Marr, D.H.A. 1963. The influence of surface contour on the
behaviour of trout alevins S. trutta. Animal Behavior-
11:412.

Marr, D.H.A. 1965. Factors affecting the growth of salmon
alevins and their survival and growth during the fry stage.
Association of River Authorities Yearbook 1969:1-9

-59-



Marshall, D., H. Mundie, P. Slaney, and G. Taylor. 1980.
Preliminary review of the predictability of smolt yield for
wild stocks of chinook salmon, steelhead trout, and coho
salmon. Department of Environment and Fisheries, Vancouver,
Canada. (Unpublished manuscript.)

Martin, J. 1982. Biological concerns--egg boxes. Oregon
Department of Fish and Wildlife, Portland, Oregon, USA.
(Memorandum dated 30 August 1982.)

Mason, J.C. 1974. Further appraisal of the response to
supplemental feeding of juvenile coho (Oncorhynchus
kisutch) in an experimental stream. Department of
Fisheries the Environment, Fisheries and Marine Service
Technical Report 743, Nanaimo, Canada.

Mason, J.C. 1975. Seaward movement of juvenile fishes,
including lunar periadicity in the movement of coho salmon
fry. Journal of the Fisheries Research Board of Canada
32:2542-2547.

Mason, J.C. 1976a. Some features of coho salmon, Oncorhynchus
kisutch, fry emerging from simulated redds and concurrent
changes in photobehavior. Fishery Bulletin ,74:167-174.

Mason, J.C. 1976b. Response of underyearling coho salmon to
supplemental feeding in a natural stream. Journal of
Wildlife Management 40:775-788.

Mason, J.C., and D.W. Chapman. 1965. Significance of early
emergence, environmental rearing capacity, and behavioral
ecology of juvenile coho salmon in stream channels. Journal
of the Fisheries Research Board of Canada 22:173-190.

Mason, J.W., O.M. Brynildson, and P.E. DeCurse. 1967.
Comparative survival of wild and domestic strains of brook
trout in streams. Transactions of the American Fisheries
Society 96:313-319.

McDonald, J. 1967. The distribution, growth, and survival of
sockeye fry produced from the Fulton River and an artificial
spawning channel in 1966. Fisheries Research Board of
Canada Manuscript Report 949, Nanaimo, Canada.

McDonald, J.G. 1969. Distribution, growth, and survival of
sockeye fry (Oncorhynchus nerka) produced in natural and
artificial stream environments. Journal of the Fisheries
Research Board of Canada 26:229-267.

McGie, A.M. 1980. Analysis of relationships between hatchery
coho salmon transplants and adult escapements in Oregon
coastal watersheds. Oregon Department of Fish and Wildlife,
Information Reports (Fish) 80-6, Portland, Oregon, USA.

-6O-



McGie, A.M. 1981. Trends in the escapement and production of
fall chinook and coho salmon in Oregon. Oregon Department
of Fish and Wildlife, Information Reports (Fish) 81-7,
Portland, Oregon, USA.

McGie, A.M. 1985. Guidelines for stocking salmonids. Oregon
Department of Fish and Wildlife, Portland, Oregon, USA.
(Memorandum dated 9 July 1985.)

McGie, A.M., and T.E. Cummings. 196.5. Evaluation of releases of
1964 brood coho salmon fry in south coastal streams. Fish
Commission of Oregon, Information Report, Portland, Oregon,
USA.

McIntyre, J.D. 1983. Progress in the development of guidelines
for outplanting. National Fishery Research Center, Seattle,
Washington, USA. (Unpublished manuscript.)

McIsaac, D. 1977. Success of unfed coho fry plants in Canyon,
Lawton,, and Gibbons creeks. Washington Department of
Fisheries, Olympia, Washington, USA. (Memorandum dated 25
March 1977.)

McNeil, W.J. 1967. Distribution of spawning pink salmon in
Sashin Creek, southeastern Alaska, and survival of their
progeny. United States Fish and Wildlife Service, Special
Scientific Report--Fisheries 538, Washington, District of
Columbia, USA.

McNeil, W.J. 1968. Migration and distribution of pink salmon
spawners in Sashin Creek in 1965, and survival of their
progeny. Fishery Bulletin 71:627-649.

McNeil, W.J. 1969. Survival of pink and chum salmon eggs and
alevins. Pages 101-117 in T.G. Northcote, editor.
Symposium on salmon and trout in streams. H.R. MacMillan
Lectures in Fisheries, University of Britsh Columbia,
Vancouver, Canada.

McNeil, W.J. 1969. Development of a streamside incubator for
culture of Pacific salmon. Oregon State University,
Department of Fisheries and Wildlife Progress Report,
Corvallis, Oregon, USA.

McNeil, W.J., S.C. Smedley, and R.J. Ellis. 1969. Transplanting
adult pink salmon to Sashin Creek, Baranof Island, Alaska,
and survival of their progeny. United States Fish and
Wildlife Service, Special Scientific Report--Fisheries 485,
Washington, District of Columbia, USA.

McPhee, C. 1961. An experimental study of competition for food
in fish. Ecology 42:666-681.

-61-



Mead, R.W., and W.L. Woodall. 1968. Comparison of sockeye
salmon fry produced by hatcheries, artificial channels and
natural spawning areas. International Pacific Salmon
Fisheries Commission, Progress Report 20, New Westminster,
Canada.

Meekin, T.K., R.L. Allen, and A.C. Moser. 1971. An evaluation
of the Rock Research chinook salmon spawning channel,
1961-1968. Washington Department of Fisheries, Technical
Report 6, Olympia, Washington, USA.

Miller, R.B. 1954. Comparative survival of wild and
hatchery-reared cutthroat trout in a stream. Transactions
of the American Fishe'ries Society 83:120-130.

M i l l e r R.B. 1958. The role of competition in the mortality of
hatchery trout. Journal of the Fisheries Research Board of
C a n a d a  15:27-45. 

Moring, J.R., and R.L. Lantz. 1975. The Alsea watershed study:
Effects of logging on the aquatic resources of three
headwater streams of the Alsea River; Oregon. Part
l--Biological studies. Oregon Department of Fish and
Wildlife, Fisheries Research Report 9, Portland, Oregon,
USA.

Mortensen, E. 1977. Density dependent mortality of trout fry
(Salmo trutta L.) and its relationship to the management
of small streams. Journal of Fish Biology 11:613-617.

Neave, F. 1953. Principles affecting the size of pink and chum
salmon populations in British Columbia. Journal of the
Fisheries Research Board of Canada 9:450-491.

Neave, F. 1965. Transplants of pink salmon. Fisheries Research
Board of Canada Manuscript Report 830, Nanaimo, Canada.

Nicholas, J.W., T.W. Downey, D.L. Bottom, and A.M. McGie. 1985.
Research and development of Oregon's coastal chinook stocks.
Oregon Department of Fish and Wildlife, Fish Research
Project 82-ABD-ORLE, Annual Progress Report, Portland,
Oregon, USA. (Unpublished draft.)

Nicholas, J.W., R.R. Reisenbichler, and J.D. McIntyre. 1978.
Genetic implications of stocking hatchery trout on native
trout populations. Pages 189-192 in J.R. Moring, editor.
Proceedings of the wild trout-catchable trout symposium.
Oregon Department of Fish and Wildlife, Portland, Oregon,
USA.

Nickelson, T.E. 1981. Coho presmolt program for Oregon coastal
streams. Oregon Department of Fish and Wildlife,
Information Reports (Fish) 81-1, Portland, Oregon, USA.

-62-



Oakley, A.L. 1962. Observations of hatchery liberated silver
salmon fingerlings. Fish Commission of Oregon, Annual
Progress Report, Portland, Oregon, USA.

Oregon Department of Fish and Wildlife. 1981. Comprehensive
plan for production and management of Oregon's anadromous
salmon and trout. Part II. Coho salmon plan.=. Oregon
Department of Fish and Wildlife, Portland, Oregon, USA.

Paine, J.R. 1971. Fulton River fry quality and ecological
program report of 1970 studies. Fisheries Research Board of
Canada, Pacific Region Technical Report 1971-1, Vancouver,
Canada.

Pearson, L.S., K.R. Conover, and J.B. Haas. 1967. An evaluation
of adult coho salmon transplants into Willamette River
tributaries. Fish Commission of Oregon Research Briefs
13:25-38.

Peterman, R.M., and M. Gatto. 1978. Estimation of functional
response of predators on juvenile salmon. Journal of the
Fisheries Research Board of Canada 35:797-808.

Petrenko, L.A. 1966. Comparison of growth characteristics in
wild and hatchery-reared Atlantic salmon fry and parr
(Salmo salar) in the river. Fisheries Research Board of
Canada Translation Series 752, Ottawa, Canada.

Phinney, L.A. 1965. An economic evaluation of Washington State
Department of Fisheries' controlled natural-rearing program
for coho salmon. Washington Department of Fisheries,
Supplemental Report, Olympia, Washington, USA.

Platts, W.S., and F.E. Partridge. 1978. Rearing of chinook
salmon in tributaries of the South Fork Salmon River, Idaho.
United States Forest Service, Research Paper INT-205,
Ogden, Utah, USA.

Poon, D.C. 1970. Development of a streamside incubator for
culture of Pacific salmon. Master's thesis. Oregon State
University, Corvallis, Oregon, USA.

Poon, D.C. 1972. Some preliminary observations on possible
indices of pink and chum salmon fry quality. Alaska
Department of Fish and Game Information Leaflet 161:81-83.

Poon, D.C. 1977. Quality of salmon fry from gravel incubators.
Doctoral dissertation. Oregon State University, Corvallis,
Oregon, USA.

Potter, B.A., B.R. Zalewski, B.A. Barton, and N.C. Frazer. 1981.
Summary and annotated bibliography of salmoninae stocking
investigations, stocking assessment methodology and stocking
policies in North America. Ontario Ministry of Natural
Resources, Toronto, Canada.

-63-



Pritchard, A.L. 1947. Efficiency of natural propagation of
Pacific salmon. Canadian Fish Culturist 1:22-26.

Raymond, J.A. 1981. Incubation of fall chum salmon
Oncorhynchus keta (Walbaum) at Clear Air Force Station,
Alaska. Alaska Department of Fish and Game, Information
Leaflet 189, Juneau, Alaska, USA.

Reimers, P.E. 1968. Social behavior among juvenile fall chinook
salmon. Journal of the Fisheries Research Board of Canada
25:2005-2008.

Reimers, P.E. 1978. Measuring long-term changes in the fall
chinook population in Elk River. Oregon Department of Fish
and Wildlife, Information Reports (Fish) 78-5, Portland,
Oregon, USA.

Reingold, M. 1970. Salmon and steelhead investigations: The
relationship of maximum water temperatures to chinook salmon
spawning areas. Pages l-10 in Idaho Department of Fish
and Game Job 8 Completion Report, Project F-49-R-7, Boise,
Idaho, USA.

Reisenbichler, R.R. 1983. Use of hatcheries in management of
anadromous fish. United States Fish and Wildlife Service,
National Fishery Research Center, Seattle, Washington, USA.
(Unpublished manuscript.)

Reisenbichler, R.R. 1984. Outplanting: Potential for harmful
genetic change in naturally spawning salmonids. Pages 33-39
in J.M. Walton and D.B. Houston, editors.
the Olympic wild fish conference.

Proceedings of
Peninsula College

Fisheries Technology Program, Port Angeles, Washington, USA.

Reisenbichler, R.R., and J.D. McIntyre. Undated. Requirements
for integrating natural and artificial production of
anadromous salmonids in the Pacific Northwest. United
States Fish and Wildlife Service, National Fishery Research
Center, Seattle, Washington, USA. (Unpublished
manuscript.)

Reisenbichler, R.R., and J.D. McIntyre. 1977. Genetic
differences in growth and survival of juvenile hatchery and
wild steelhead trout, Salmo gairdneri. Journal of the
Fisheries Research Board of Canada 34:123-128.

Reiser, D.W., and T.C. Bjornn. 1979. Habitat requirements of
anadromous salmonids. United States Forest Service, General
Technical Report PNW-96, Portland, Oregon, USA.

-64-



Ricker, W.E. 1972. Hereditary and environmental factors
affecting certain salmonid populations. Pages 19-160 in
R.C. Simon and P. Larkin, editors. The stock concept in
Pacific salmon. H.R.. MacMillan Lectures in Fisheries,
University of British Columbia, Vancouver, Canada.

Rodgers, J.D. 1985. The effects of nonpoint source pollution on
salmonids, and techniques for restoration of degraded stream
habitat: a bibliography. Oregon Department of Fish and
Wildlife, Portland, Oregon, USA. (Unpublished manuscript.)

Roler, R. 1979. Results of juvenile coho electroshock sampling
in Columbia River tributaries, 1977 and 1978. Washington
Department of Fisheries, Olympia, Washington, USA.
(Memorandum.)

Rothfus, L.O., M.W. Erho, .J.D. Remmington, and J.A.R. Hamilton.
1974. Experimental rearing of coho salmon in Speelyai
Creek, Washington. Pacific Power and Light Company,
Seattle, Washington, USA. (Unpublished manuscript.)

Sale, E.O., and W.H. Bayliff. 1958. Artificial and natural
production of silver salmon, Oncorhynchus kisutch, at
Minter Creek, Washington. Washington Department of
Fisheries, Research Bulletin 4, Olympia, Washington, USA.

Sams, R. 1967. Transplantation of adult coho salmon. Pages
76-79 in Proceeding of the Northwest fish culture
conference. University of Washington, Seattle, Washington,
USA.

Schreck, C.B., R. Patino, C.K. Pring, J.R. Winton, and J.E.
Holway. 1985. Effects of rearing density on indices of
smoltification and performance of coho salmon, Oncorhynchus
kisutch. Aquaculture 45:345-358.

Schroeder, S. 1972. Effects of denstiy on the spawning success
of chum salmon (Oncorhynchus keta)--A progress report.
Alaska Department of Fish and Game Information Leaflet
161:91-100.

Schroeder, S.L. 1973. Effects of density on the spawning
success of chum salmon (Oncorhynchus keta) in an
artificial spawning channel. Master's thesis. University
of Washington, Seattle, Washington, USA.

Schuck, H.A., and O.R. Kingsbury. 1948. Survival and growth of
fingerling brown trout (Salmo fabrio) reared under
different hatchery conditions and planted in fast and slow
water. Transactions of the American Fisheries Society
75:147-156.

-65-



Seiler, D.S., and S.N. Neuhauser. 1984. Upstream/downstream
salmonid trapping project, 1980-1982. Washington Department
of Fisheries, Progress Report 200, Olympia, Washington, USA.

Sekulich, P.T. 1980. The carrying capacity of infertile forest
streams for rearing juvenile chinook salmon. Doctoral
dissertation. University of Idaho, Moscow, Idaho, USA.

Sekulich, P.T., and T.C. Bjornn. 1977. The carrying capacity of
streams for rearing salmonids as affected by components of
the habitat. United States Forest Service, Completion
Report for Supplement 99, Boise, Idaho, USA.

Shapiro, A.P., and V.L. Andreyev. 1969. Optimum relationship
between artificial and natural Production for commercial
populations of fishes. Problems in Ichthyology 9:45-49.

Shelton, J.M. 1955. The hatching of chinook salmon eggs under
simulated streams conditions. Progressive Fish-Culturist
17:20-35.

Shelton, J.M., and R.D. Pollock. 1966. Siltation and egg
survival in incubation channels. Transactions of the
American Fisheries Society 95:183-187.

Shirazi, M.A. 1961. Effects of peak flows on spring chinook
survival below Lost Creek Dam, Rogue River, Oregon. United
States Environmental Protection Agency, Corvallis, Oregon,
USA. (Unpublished manuscript.)

Sholes, W.S., and R.J. Hallock. 1979. An evaluation of rearing
fall-run chinook salmon, Oncorhynchus tshawytscha, to
yearlings at Feather River Hatchery, with a comparison of
returns from hatchery and downstream releases. California
Fish and Game 65:239-255.

Smedley; S.C., and W.J. McNeil. 1966. Freshwater survival of
pink salmon transplanted to sahim Creek, Baranof Island,
Alaska. Alaska Department of Fish and Game, Information
Leaflet 91, Juneau, Alaska, USA.

Smith, E.M. 1976. Rearing spring chinook salmon in Willamette
River reservoirs. Oregon Department of Fish and Widllife,
Fish Research Project 88E25070, Final Report, Portland,
Oregon, USA.

Smith, S.B. 1957. Survival and growth of wild and hatchery
rainbow trout in Corbett Lake, B.C. Canadian Fish Culturist
20:7-12.

Solazzi, M.F., S.L. Johnson, and T.E. Nickelson. 1983. The
effectiveness of stocking hatchery coho presmolts to
increase the rearing density of juvenile coho salmon in
Oregon coastal streams. Oregon Department of Fish and
Wildlife, Information Reports (Fish) 83-1, Portland, Oregon,
USA.

-66-



Solazzi, M.F., and J.T. Martin. 1982. An introduction to
chinook salmon planning. Oregon Department of Fish and
Wildlife, Information Reports (Fish) 82-3, Portland, Oregon,
USA.

Stein, R.A., P.E. Reimers, and J.D. Hall. 1972. Social
interaction between juvenile coho (Oncorhynchus kisutch)
and fall chinook salmon (0. tschawytscha:
Oregon. Journal of the Fish

) in Sixes River,
eries Research Board of Canada

29:1737-1748.

Stream Enhancement Research Committee. 1980. Stream enhancement
guide. Canada Department of Fisheries and Oceans and
British Columbia Fish and Wildlife Branch, Vancouver,
Canada.

Symons, P.E.K. 1969. Greater dispersal of wild compared with
hatchdry-reared juvenile Atlantic salmon released in
streams. Journal of the Fisheries Research Board of Canada
26:1867-1876.

Tagmaz'Yan, Z.I. 1971. Relationship between the density of the
downstream migration and predation of young pink salmon
(Oncorhynchus gorbuscha Walbaum). Journal of Ichthyoiogy
11:984-987.

Tanaka, T. 1973. Studies on the planting of hatchery-cultured
masu salmon fry into streams. IV. A preliminary trough
experiment on residing process. Scientific Report of the
Hokkaido Salmon Hatchery 27:17-24.

Tautz, A.F. 1977. Discussion of optimal spawning densities for
salmonid fishes. Doctoral dissertation. University of
British Columbia, Vancouver, Canada.

Taylor, S.G. 1980. Marine survival of pink salmon fry from
early and late spawners. Transactions of the American
Fisheries Society 109:79-82.

Thomas, A.E. 1975. Effect of egg concentration in an incubation
channel on the survival of chinook salmon fry. Transactions
of the American Fisheries Society 104:335-337.

Thomas, A.E., J.L. Banks, and D.C. Greenland. 1969. Effect of
yolk sac absorbtion on the swimming ability of fall chinook
salmon. Transactions of the American Fisheries Society
98:406-410.

Thomas, A.E., and J.M. Shelton. 1968. Operation of Abernathy
channel for incubation of salmon eggs. United States Bureau
of Sport Fisheries, Wildlife Technical Paper 23, Washington,
District of Columbia, USA.

-67-



Thompson, R.B. 1959. A study cf localized predation on marked
chinook salmon fingerlings re-leased at McNary Dam.
Washington Department of Fisheries Research Papers 2:82-83.

Vanstone, W.E., J.R. Markert, D.B. Lister, and M.A. Giles. 1970.
Growth and chemical composition of chum (Oncorhynchus
keta) and sockeye (0. nerka) salmon produced in spawning
channel and natural environments. Journal of the Fisheries
Research Board of Canada 27:371-382.

Vincent, R.E. 1960. Some influences of domestication upon three
stocks of brook trout (Salvelinus fontinalus Mitchell).
Transactions of the American Fisheries Society 89:35-52.

Wales, J.H., and M. Coots. 1954. Efficiency of chinook spawning
in Fall Creek, California. Transactions of the American
Fisheries Society 84:'l37-149.

Wallis, J. 1968. Recommended time, size, and age for release of
hatchery-reared salmon and steelhead trout. Fish Commission
of Oregon, Portland, Oregon, USA.

Williams, R. 1983. Coho salmon in the upper Willamette River,
Oregon: A history of establishing a run of non-indigenous
salmoa and prospects for renewed efforts to increase the
run. Oregon Department of Fish and Wildlife, Portland,
Oregon, USA. (Unpublished manuscript.)

Wilson, G. 1974. Pilot size trials of chum salmon layer planted
gravel incubation boxes utilizing upwelling flow. Pages
12-20 in D.R. Harding, editor. Proceedings of the 1974
northeast Pacific pink and chum salmon workshop. Department
of Environment and Fisheries, Vancouver, Canada.

Wunderlich, R. 1982. A review of'literature on the feasibility
of outplanting hatchery-reared fry, fingerling, and smolts,
with emphasis on coho and spring chinook salmon outplanting
in the Puget Sound region. United States Fish and Wildlife
Service, Fisheries Assistance Office, Olympia, Washington,
USA. (Unpublished manuscript.)

Zimmer, P.D., R.J. Wahle, and E.M. Maltzeff. 1963. Progress
Report II: Spring chinook salmon transplantation study.
United States Fish and Wildlife Service, Special Scientific
Report--Fisheries 443, Washington, District of Columbia,
USA.

Zorbidi, Z.K. 1973. Population dynamics of coho salmon.
Fisheries Research Board of Canada Translation Series 2323,
Ottawa, Canada.

-68-

- -


